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Mathematical Tables. 

Contrived after a moft: comprehenfivd METHOD: 

Containing, 
Dr. Wallis^ Account of Logarithms, Dr* Hal 
leys and Mr. Shares Ways of conftriidtin^ 
them ; with Dr. Newton % contradion oi 
Briggss Logarithmsj 

VIZ. 

A TABLfi of Logarithms of the Numbers from i t( 
I o loco, with the means to find readily the Log^rithn 
of any Number, and the Number tfiyany Logarithm 
to feven places of Figures ; ** V.X 

AND 
Tables of natural and logarithmic Sines> Tangents, Sc 
rants, and Vcrfcd-fines, to every minute of the Qjadrant : 

WITH THE 

EXPLICATION and USE prefixM. 

The third EDITION. 
Carefully revifed and correded, 

-^ WILLIAM GARDINER 



LONDON: 

Printed for William Mount and Thomas Paoi 
at the Pojlern on Tower-Hill^ M,pcc,xLii. 
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To Mr. E D M. Ha l l e t, S^viliaQ 
Profeffor of Geometry^ in fbeJJni- 
verfUy of Oxford* 

SIR, 

IT being unl^felly acfawitledg^ 
ftat by the li^artsed iftrcfeflcfiPs df 
Gdpmetfy in the S a Vti i a w C iTa r K, 
(viz. ■ Mr. Bfi^giy t>t. tP'alJis^ atrid 
'l Tour Self) ^q LogafitbtHicat An hadi redeiv'd 
it's grcateft Improvements, and the Ufe of thofc 
Numbers have by them been fiily tafcight and 
divulged. 'Tis to You therefore, who fuccccd, 
and fhare ccjudly vA^ your feiftous Predecef- 
fore in the fame honourable Poft, (and in Me- 
mory of them) that I think my felf bound in 
Jufticc to prefent diefe Colledbns* . . 

Utir. Btiggif ^kh excefllve Patience, Calcu- 
lated Thirty one Chiliads of thefe Decimal 
Logaritbmsy to Fourteen Places, olfo the Sines^ 
Tangents., Secants^ with the Logarithm Sines and 
Tangents^ and (hewed their G)nftrudion and \5(t ; 
of which Dr. Tf^allis gives a particular Account in 
the Twelfth Chapter ol his Algehra^ which is 
our Introduction. 

A " Then 
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The DEDICATION. 

Then I return you your own Compendious 
tnd \FacUe ' Method of Conftruftirig die Loga- 
rith/ASy- with the^Reverfe of that NoUe Problem t 
And indeed, fetting afide what is Printed from 
Mr. Briggs above-mentioned, or Mr. j^. Sharp 
(to whom -the World is indebted for their In- 
duftry in this Kind ) the reft of the Difcourfes, 
botk before and after the.TaUcs, are either Writ- 
ten or X^iofen by Your felf ^ therefore I cxpe^ 
y0ur kmd Acceptance, and remain, . . 

S I F, 

Tvur very much Obliged 

Humble Servant^ 

July II, i7«j; 

Hen. Sherwiii. 
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Mr. Sff ERWINs 

P R E F A C E 



[ERE the ConftruBion and Ufe of the 
fillffs^ng Tobies hmrnn (o every Body^ 
they Jhould come forth into the World 
without any IntroduSk/y Di/cour/e i 
but as the Cafefiands, andthit Know- 
iec^e isthe Ibare butoffewy it may be proper to add 
fomgthing upon both thofe Heads :s Andiiobat is here 
prefented is gathered from the moji Celebresml jS^ 
tbors that have Improved thefe SuhjeSis' amongfi our 
filvesj viz. Mr, Briggs, Dr* Wallis and Mr, Hal- 
lejr, the Three Profejfors of Geometry in the Savi- 
lian Chair at Oxford; To lead the Reader on from 
the Beginningy we give him the 1 2th Chapter of 
Dr, Wallis'x Algebra, which treats of the Original 
^Logarithms, and gives a full Hiftory of their 
Progrefs, To this isfubjoynd Mr. HallcyV Com-^ 
pervious Method of making Logarithms, which 
proceeds abfiraSiedly from the Nature of Numbers 
without any regard to the Hypedbola ; from which 
is dedkicedfor PraBice the making of the Natural, 
and Mr. BriggsV .• With the further Profecution 
of the fame SubjeSly generoujly Commmiicated by 
the ingenious and unwearied Mr. Abr. Sharp, with 
his Table «/" Logarithms to above Fifty Figures ; as 
alfo the Hyperbolic Lognrithm of loto 80, and its 

A Z Re* 
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The PREFACE. : 

Reciprocal-^ to 65. Hen follows by the fame Handy 
the ConfiruSiion of the Sines ^ Tangents and Secants y 
'witbthewboleProcefs of the ^om^aturenftheCkdiG 
toy 2 Figures : fP^hich ^adrature was invented ^ and 
here demonfirated^hythe above-mentioned Mr. HaWcy, 

To come to tkeprinciftfliPdrt dfthf f$rformancei 
as to, tb$ 7{^eSi w^ may venturtl U^ fay (wttbotat 
Partialit}) that we ofir berg a m&i eompleat Set 
fif them than ffip he found in any (4her Book now 
Extant^ and doubt tjfit, but n^pon mreful Perufaly 
they will be found Of Ufeful and CorreSi, The 
Method we o^erv^d in Printing the Ixjgarithtns is 
according to that Exce^ent^br motion ^'J^r.Joim 
Newton in his TrigQnQmefTJi^ Britamuca; to whick 
is addedy the Difference between ^^itLcgarithiQ^ and 
the Proportional Partfy in the J^ Qplwnn of the 
fame Page j by which the Logajjtbm ofanyNmtr 
her (& contra) und^ 10,000,000 me^ he readilji 
founds without turning to any ftJ^er Page. 

7heman?ierofplacif^theT.a\i\!S^ of natural ^xt^esy 
Tangents and Secants, and their {^arithms, is ab' 
fofft$ely NeWy and very jf^hantageous ; for to each 
Logarithm in thofe Tables are placed the Differences 
which are common to the Column of Logarithms on 
both fides : By which the Seeondf may be eafily founds 
And for that End^ between them and the I^lc of 
Logarithms, is place4 a fmaJl Table to convert 
Sexagefimals itao Decimals, and contrarily. * 

The next and chief Thing confiderable in the Ta- 
bles, is their Corre&nefs ; and here we will give a 

« In tbis tb d cditicn to be placed at il»' end of tbe Verfed fine;. par- 
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The PREFACE. 

partmlar Account of the Meafuret we took to make 
themfo. As for the Table ^Logarithms // ivas 
sxamined frotn i to 20POO and from 90006 to 
lai 000 ijf Mr, BHggs / Arith. IJogar. Printed at 
Loodop i624t and from i to i6o>ooo by Adrian 
VlacqV T^l«, Printed at Goud* 1 628. Aid to 
Jbew wr Cor^ bereitt.^ as well as for Publick Ser^ 
vke^ v)8 here place i?TaWe of the Errors we found 
{wien correBii^ our ovm) in Mr» BriiggsV cmd V- 
iacqV a^ove^it^faion^ Canons ; andbecaufe Vlacq'x 
amn Errata Table is found in few oftns Books fi»>- 
fomucb tbof Dr, NewtoaxV akew-fhenUoned Canon 
is ffrinted with all bis Errors) therefore we thought 
it noceffary to give it here with our Additions. 
Wher^ Note, tbf^fucb of bis Errors as. we now 
found are marked with (a), and a Jingle one in 
Mr. Bi^gsV with (b) ; andthofe wbidb are common 
to Afr. Br^s and Vlacq are marked with (B^. 
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Tfe PREFACE. 

The Tables of Natural ^es, Tangents and 
Secants were examined by ibofe of Van Scliootcn, 
J^rtTtted at AmAerdam iS2y (vohich are faid to 
be voitbout one Fault) and Sir Jonas MoQr*s ?tew 
Syfiem ; the Titles of Logarithmic Sines, Tan- 
gents <7W Secants were examined by a Table of the 
faid Vlacq, in large OSfavo^ Printed at Goudas 
1626, as alfoby the faid Syjlem, And in all 
thefe Examinations there were never lefs than Two 
to barkeny whilfi One read over the printed Sheet to 
beCorreSled* 

The Tabic ^Verfed Sines was printeid from, and 
alfo examined by that in Sir Jonas MoorV Syfiem, 

The Traverfe Table is new Calculated to a larger 
Radius than any Extant, and was examimd liAtb 
thegreatefl Care* 

After the T2!o\t^ follow the various Ufes ofho^ 
garithms made plain to the meanefl Capacity ; to 
which is addedy the Solution of Plain and Spherical 
Trigonometry by Logarithms, frotn Mr. BriggsV 
Englifli Edition of bis Logarithmical Arithmetic j 
aftd the Ufe of the [natural] Veried Sines frotn 
Sir Jonas MoorV Syflem. 

The demonjlra.'ion of compound Interejiy withfome 
Propofitions of Navigation, were both of them be- 
flowed by Mr. Halley, and revifed by him; as were 
mofl of the Sheets of the tichole Difcourfe : njcherein 
he VMS .pleafed to make many advantageous Alte.^ 
ratios, for which I return him my hearty Thanks, 

A D- 
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ADrERTISEMENT. 

AT thedefire of the Proprietors of this Book, t 
have examined, and correAed the Table of the 
Logarithms of Numbers in this third edition, with great 
care: The Tablesof Sines, Tangents, SccantsandVerfed- 
fines, both natural and logarithmical, are here made 
fopofeft, as to be theneareft truth pofTible-in their 
kweft place, and are titled and difpofed in a more com* 
modious manner than they were before : The Verfcd- 
fines being anew computed, the natural from the 
Sines in Rbatici*s great Canon, and the logarithmic 
from the log. fines in Vlacq\ where each is carried three 
places lower : The Traverft Table, for the ufc of Na- 
vigation, I have put into a more convenient form, and 
added new chapters of their ufe. . . 

The explication and ufe of the Tables are here put 
at the beginning of the Book, where the dodlrine of 
decimal fradions is diftindiv treated of, and the method 
of finding by the Tables, tne logarithms of given num- 
bers, and the numbers of given logarithms ; with their 
life in multiplying, dividing^ nufing powers, extradling 
roots, and in compound intereft j alfo the method of 
findmg thcf fine, co-fine, tangent, co*tangent, fecant, 
co-fecant^ and verfed-fine of a given number of degrees, 
minutes, feconds, and thirds, and the Contrary ; with the 
feveral Cafes of Trigonometiy, and fome ufeful Propofi* 
tions in Navigation. Here I have made fome altemtions, 
and additions, particularly the 5th, 8th and 9th chapters. 
Then follows what Mr. Sbemoin had prefixed to the 
Tables in the former editions; viz0 Dr. WallUs difcourfe 
of the invention and ufe of logarithms ; Dr. HaUefs 
method of conftrading logarithms ; Mr. Sbarp*s me- 
thods of making logarithms, natural fines, tangents, 
and fccants i with Dr. HaUey^% and Mr. Sbarfs compu- 
tations 
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tations of the (Juadrahlre of the Circle. To this I 
hafe added, Mr. Machines proportion of the diameter 
of a circle to it's circumference, to loo places 6f fi- 
gures : Mr. Sbarp\t2Lh\c of the logarithms of all the inte-^ 
ger numbers imder loo, arid of all the prime numbers 
under lioo, to 6i places of figures ; with their jufe, 
)n.find^g the logaritW of any dumber, aiKi the num- 
ber of a^iy logariSim to as many pbces : Whercunto ar^ 
adjoiQ^d, the logarithms of 4 1 numbers from 999980 
to toooQtp inclufive, to 61 places, with their ift, 26, 
.3d and 4th differences to 30 places ; which may be c^ 
tife:for the more eafy finding the logarithm of any 
number to 30 places, and the number of any logarithm 
to 20 places^ by the ift and 2d differences only. 

WILLIAM GARDINER. 



MATHEMATICS Tau^t; 

Eftat^ funrey'di ^and plotted) in the moft 
exa£k maimer hitherto uied, 

fiy WiLXrtAM Gardineh, 

HI Qrept Arhmr Court mar St. Sepul- 
. fbres Chutdxy Sw»4>m* 
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Mathematical 
TABLES. 

CHAP. i. 

Of Decinuil FRACTIONS. 

H E Nature of a Decimal FraSion may be con- 
cciv'd, by imagining a Foot-rule (or any other 
Mcafure) to be divided into ten equal parts %, 
then each prt is tv ; and if eva7 ^^^^ ^' ^^^ 
ports be divided into ten equal parts the Foot 
(or other Mcafure) will be divided into lOO e* 
^ital parts \ thus every part of the firft divifion is i^, or iiA ; and 
every part of the fecond divifion, in rcfpcd of the whole, will be 
T*v : After this manner we may conceive a Foot, a Yard, an 
Acre^ an Hour, a Bulhel, a Pound, a Shilling, CSc. to be divided 
into lo, lOo, looo, loooo, 6f^. equal parts, atpl^fure. 

IL In Decimal Fra£lions % the Figjures exprefe'd u the numer^ 
tor, and the denominator is omitted \ becaufe known to be al- 
ways an umt, with ib many cyphers a& there are places in the 
numerator : Alfo a Decimal Fraftion is diftinguifli'd from an In- 
teger by a point prefixed, as .% for iV, .34 for iW .567 for riiit 
.0089 for T*«vw, fc?c. 

Obferve the lame in mixt numbers, a«, 678.9 for 67J1S, 
67.89 for 67,iS, 6.789 for 6 ^, &c. 

III. Cyphers at the right hand of a Decimal FraAion alter not 
it's value ; for .5 or .50, or .50000, is each of them of the lame 
value* equal to tior | : But Cyphers at the left hand in a Decimal 
Fra^jon dccreafe the value in a tenfold proportion i for .05 isii?r, 
•005 is xi^y .0005 ^ T^?r, fc?r. 

IV. Decimal Fralfions are eafitv reduced to a common denomi^ 
natory by making (or even fuppoung) alt of them to confift of the 
lame number of places ; fo .3, .45> J067, .0089, may be wrote 

A tlHlS, 
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2 Of Defimal FraBionsi 

thus, .3000, •45<^» .0670, .0089 ; all which confifting of four 
places, their conamon denommcor is an unit with four cyphers, 

piz. lOooo. 

V. 4ddition and SubtraiHon are the fame as in whole numbers, 
when the places of the fame denomination gre fct under one ano- 
ther : As in the following Examples, 



Addition. | 


Subtradion. f 


0-3 

P.45 . 
0.06789 


1.5 

0.5625 

09375 


121.5 

*-^5•56o5 
7';.q?7'; 


9-75 
i-6 


e.5 

■3-75 


89 

73-497 


0.81789 


3.0000 1 242.9980 


1.25 2.75 


15-503 



VJ. In MuUtplicatm% the work is the fame as in whole num» 
bers, only in the produft feparate with a point fo many figures to 
the right hand as there are fradtion places both in the multi^ 
plicand and multiplier, then all the figures on the left hand of 
the point make a whole number, ^nd thofe on the right a Dedm^I 
Fraftion. -. 

iST. j8. If there be not fo many figures in the product, is ought 
to be feparated by the preceding Rule, then place cypliers at the 
left to compleat the number, as may be feen in the fixth and fc- 
venth Examples. 



Ex. I. 


456 


Ex.2. 45.6 
21.3 

971.28 


Ex.^. 45.6 
0213 


Ex.6. 0.456 
0.213 


1368 
456 

9712.8 


97128 


0-097 1 28 


Ex.^. 456 
0.213 


Ex. 5. 0.456 
2.13 


£x. 7. 0.0456 
0.213 


97.128 


0.97128 


0.Q097128 



^ VII. [fi pmfion 5 work as in whole number]?, only in the quo- 
tient feparate vith a point fo many figures to the right hand (tor a 
Decimal Fniftion) a^ there are fradion places In the dividend 
more than in the divifor j becaufe t^cre muft be but fo mai^y 
fraft^on olaces in the divifor ^ quotient together, as thpre are in 
the diviffend. 

Or the Plapes of the quotient may be known as foon as the ope- 
ration is begun I by fetting the divifor, or it's firft multiple, 
under the firft figures of the dividend ejcceeding it ; then will the 
units dace in the divifor, or it's multiple, ftand under fuch a place 
}n the dividend, »s th? firft fignificant figyrc of the quotient is jp 

have^ 
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. Of lyeciffial FraSiimsr 3 

have, as in fh^firft and laft. Examples belowy 
here alfo infeited for illuftration : In the 234890.00(347.98 
Ftrfiy here 5 (the units place in thedivifar 2025 
multiplied by 3) llands under 8 the hundreds 
place in the dividend, therefore 3 the firft figure of the quotient 
will be hundreds ; fo thefe will be three int^r, and two traction 
places in the quotient ! In the JC^y?, here 
the units place in the divifor*s multiple .^2348900o(.034728 
cosies under 2 in the dividend, which is 2^025 
in the fecond place of the fraftion ; there- 
fore 3 the firft fignificant figure of the qucftient will be the fame, 
and a cypher muft be prefixed, as dife^led in the note oh Multipli'^ 
cadon: Alfo when in the operation the units place of thedivi- 
for is itt under the units place in th^ dividend^ it gives the 
units place in the quotient, and whatibe^er (hall cottie into the 
quotient beyond, muft be feparated for a l5ecimal Fradion. 

Therefore,- if the divifor be a whole Number^ the quotitot will 
have the (ame number of fradipn places as the dividend^ as Ex. i« 
If the dividend confifts of fix decimal places, and the divifor but 
of two, there will be four decimal places in the quotient,, as 

£y-3- 

If there be more decimal places in the dividend^ than are in 
the divifor and quotient together, place cyphers at the left hand 
of the quotient, to complcat the number^ as Ex. 54 where one 
cypher is prefixed. 

Annex what number of cyphers you pleafe to the right hand of 
the dividpnd \ (fee Rule 3 ) but if 

the dividend be made to have Dhijdf Dividend ^otient 
three fradion places more than are 6^)5), 234890 00 ( 347.98 
in the divifor, there will be three 67.5) 2348.9080 ( 34^798 
fudi places in the quotient, which, 6.75) 23*489000 ( 3.4798 
bmoft cafes is fuificient, except it .675) .23489000 ( .34798 
is to be multiplied afterwards. .6^5) .023489000 0^34798 

Vlli. Vulvar FraSions are reduced to Decimals of the famd 
mducy by dividing the Numerator by the Denominator. 

Example^ What Decimal part of iL Sterling is gd. or ^\s 
rf 1/? Anfwer, 0.0375/. Thus a4o)9,oooo(o.o375/. 



A a iW>/^ 
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4 Of Decimal FraSkm 

Notey Becaufe Money is valued in Pounck and parts of a Pound, 
and Time in Years and parrs of a Year, it is often convenient 
to reduce thofe parts into Decimals ; then the work is the fame 
as in whole numbers, for which purpofe chcietwo Decimal Tables 
ajie inierced. 

jf T ABLE of tbcD^cimal parts af il. 



1- 
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Decimals, 


i. 




dteim 


•0125 
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•00104167 


10.5 


a 


.oo2o8;}5 


I 


«5 


0625 


•075 


•c8;5 


II 


1* 


.5615 


•575 


3^ 


.00J125 


2 


•I 


• 1125 


.I2J 


»575 


»» 


.6 


.itij 


.«Z5 


*J75 
•«875 


id. 


.00416667 


«* 


•«5 


.1625 


.175 


.1875 


13.65 


.tftf25 


.<75 


1 


.005208J3 




.1 


• 2125 


«J 


•»375 


»4-7 


•7>aj 


.7*5 


•7575 


2 


.00625 


«« 










~ - 


» 






i 


<oo729i67 




•»f 


a^ij 


•»75 


a875 


>Jm5 


.7<45 


•775 


•7875 


2d. 


.00833535 




•J 


4«a5 


•?»5 


•j;75 


i<S 8 


Sizj 


825 


•8875 


1 


.OOP375 




•?J 


.l6zi 


575 


3«75 


17.85 

18.9 

»9l.?5 


.8625 


.875 


2 


01041667 




•4 


•4i*J 


•4*5 


•4|75 
4875 


.91*5 


'9*5 


.9375 


^ ^iU5B;;| 


9 


45 


^*? 


475, 


•9*»J 


m. 


:J»ZJ 



The Deciosal parts of i/. may be valued by the preceding Ta- 
ble, or 10 three places at fi^ht, viz. the firft figure doubled is 
/hillings, the fecond and third joyn^d are farthings, abating one 
for every 25, for .0^5 is 6d. .050 is i#w and .075 is lid. 

^ T ABLE of ibe Decimal parts of a Tear^ or of 365 Days. 



5/j4Xr 



Dffim 



5 .oi^iJ^s 
7.eipt7£ 



MirnM 



.0 p 8 77 . otf Di 7 y,og 76 7 1 
-c 3 S 5 f d.o^^of ^C5<-4 1 i 

,c>43^36lo7uj4ltJ9tf6jci 
?H*.S75*/«>7W 31-101170 
■<^4S?iIi ■07071* *lC4nc 
■05105 5lo7^5i|, 1 c^ta4^ 



40 



losses' 

.UCS4S 

11^017 
,118767 



139716. 1(57 Ujl 
14^4^6116916] 
J 4 5105. 171^03. 

Jj6L^4l.t£ji64S 

-iS^SC4*.lff630l[. 

6it:44^.iSg04 i| 



1^(4 If 16 I 7 I 



2. 

.105475 

icaiis 

■11643^ 
8 



15 

iP4iii 

117 3?7 
'1JOJ37 



So 
.115173 



11I1S77 

l3iSj56 

14 topi 



l4<Si7S 
14931.5 

iSloiS 

1.U79S 
iS7i3+ 



.16c ^74 5 
l6|oi4 

"165751 

17U33 



\ 9\ "> i il 



6fffvi j>oii33nM<><j667|.^S t.|3HJlk*^^^7|'S hS^n Ui^^^^^^^^^l -73 [>^3Hn j f^^pO ? 



M/^f, That the Decimals in every column after the firft^ begm 
w4th the Decimal ot* an even ten days, and increaft downwards 
by one day each, fo the Decimal of 20 days is 0.54795, and of 
2 1 is .057534 ; and if thefe are moved one place to the left hand, 
thiry will be the Decimals of 200, and 2 10 days, and fo of the reft, 
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C H A P. 11. 

Of finding the Logarithm of a given Number^ w tbt 
Number to a given Logarithm. 

I. To find the L^ariibm of a whole Number under xooo« 

IN the firft four pages of the Table of the Logarichms of Num- 
bers, arc placed all numbers from i to 999, in their com- 
mon order, and againft every number it*s Logarithm j fo the 
Log. of 43 w t-6334685. 
Note^ The Index, ob Charaftcriftic, of the Logarithm of every 
I integer number confifting of one figure is o, of two figures i, of 
^ three figures 2, of four figures 3, of five figures 4, &r. equal to 
the number of places that rt*s firft figure b diftant from the place 
of units ; and altho% to Ae Logarithm of every number in the 
Tabic above 100, the Indices are omitted, yet in the operation, 
they muft be prefixed according to this remark : So the Log. of 
430 is 2.6334685, and the Log, of 999 is 2,9995655 > and foof 
the reft : But the Index of the Log^ithm of a Decimal frafiioti is 
negative, tho' ftill equal to the diftance of the firft fignificonc 
fig^re of it's number from the units place, as before \ fo that tf the 
firft fignificant figure be in the firft place, the Index of the Lo* 
garichm is — i, or the complenient thereof to 10, or loo^ viz. 
9« or 99) ^ hereafter ; if in the fecond place, 'the Index is ^-^a, 
or elfc 8, or 98 ; if in the third place —3, or elfc 7, or 97 j if in. 
the fourth place, —4, or ellc 6, or ^6^ (de. 

11. To find the Logarithm of a Number t con/tjling of four places. 

In the firftarfumn (figpi'd Num,) of ibmt ^ Tj^^M^ik^ 

one of the pages of the Table after the firft ^\ r^j!;^ 

four, find S NumW given, and even J^jj l'^^ 

with it in the fecond column (fign'd 0} is ^^J^ . l\^o?:?' 

found the Logarithm fought, to which 3 ^959 « 3-99«i57 

(the proper iSex) muft te prefixed -, ;^ *599 « 3 99995^6 
may be feen in the adjoining Examples, 

HI. To find the Logariibm cfa Number^ canfiftiug of five flaeju 

Find the firft four figures of the Number in the firft odumn, 
and even therewith (in the column fign'd by the laft figure of the 
hTumber) is the laft four figures of the Logarithm, which adjoinM 
to the firft three common figpres in the fcoond column, makes up 
the Li^arithm fought, when 4 the proper Index is prefixed. 
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6' Of the Logarithms of Numheri. 

Example^ Given the Number 54237 to find it's Logarithm^ 

Find 5423 in the firft column, and even therewitii (in the co- 
lumn fignM 7) is 2957 , which annex'd to 734 the firft three com^ 
mon figures, it will (band thus, 7342957, and the proper Index be« 
ing prefixed, the Lc^rilhm of 54237 is found to be 4*7342957. 

NoUj When thelaft four figures of the Logarithm bqgins with 
a cypher or any lefs figure, than the laft four in the fecond column^ 
b^ins with -, then the firft three common figures are thofe in the 
next line lower: Thus the Logarithm of 54453 154.7360218* 

IV. fojind the Logarithm of a Number^ confifiing offtx Places. 

Find the Logarithm of the firft five figures by the third, and 
the Difierence betwixt it and the Log. of the Number next 
greater, which is in the laft column out one fignM D ; then 
find that Difierence in the laft column^ fign'd Pts. Pro^ (which 
ftands for Parts Proportional) and againft the fixth figure of 
the Number given, is. the part to be added to the Log. of the 
five figures before found, the fum is the Log. fought, when 5 
the proper Index is prefixed. 

Example. Given the Number 5^^375 to find it's Logarithm. 

The Lo^ of 54237 is found (by the 3d; to be 73^2^57^ and 
the difierence betwixt it and the Log. next greater is 80, and 
in the laft column againft 5, under that dif&rence is 40, which 
added 107342957, and the Index 5 prefixed, makes 5.7342997, 
for the Log. ot 542375, which was fought. 

Or, The Proportional Part may be found (without the Tabic 
of P/j« Pro. in the laft column) thus: Multiply 80, the fame 
difierence, by the fixth figure, (which in this Example is 5) 
and divide the produft by 10, gives 40, as Jxfore ; for in this 
manner the faid Table (fign'd Pts. Pro.yvf^ computed. 

Note J If the Number is in the loift chiliad, it's Lc^anthnt > 
IS dire<5t]y found in one of the laft two pages of the Table. 

V. Tofnd the Logarithm of a Number^ conftfting of feven Places. 

Find the Log. of the firft five figures by the 3d, and of the fixth 
figure by the 4th, and for the feventh figure divide the p^opor-^ 
tional part by 10, (that is, fet it one place farther to the right 
band, than the laft figure of the Logarithm reaches) and add ic 
to the Logarithm of the fix figures before found, their fuu) (with 
the Index pr«fix'd) is the Log. fought y thus the Logarhhm of 
5423758 is found to be 6.7343003. 

The Examples of the 3d, 4th, and this 5th, Propofitions are 
placed s^t the fide of the following remark. Note^^ 
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Of the Logantbms of Numbtru y 

Note^ The Proportional Part may Num. Logariibm 

be found (without the Tabic of Pts. 54237 4.7342957 

Pro.) for the laft two figures, by • 5 40 

multiplying them by ttewm 542375 5>734^997 

xbffcrcnce^ and then dividing the — rrr n^^^ac:^ 

pnxlua by ICO ; fo in the laft Ex- ^^^^\ '^^^^H 

ample, 58 multiplied by 80, pro- ^g g 

duces 4640, whfcli divided by 100 ., . '^ 

quote&46.4, the fame as by the Table. 5423758 6.7343003 

VI* -/f proper Fraltion being given, to find it's Logarithm. 

Subtraft the.I/^rithm of the denominator from the Logarithm 
cf the numerator,, the remainder is the I^. fought, and isalwayi 
the I^iC^arithm of a Decimal FnuSUon. 

Note, The Index of the Log, of a proper Fra6tion is ne« 
gative, but if 10, or loo, is borrowed to the Index of the 
Log. of the Numerator ; Ttien the Index of the Log. of a 
Decimal Fraftion beginning one place below units, will be 9, or 
99 I if two places below units, 8, or. 98 \ if three places, 7, or 
97; if four places 6, or gS^ (Sc. the latter is often ncceffary to 
diftif^ih it from the Index of an Integer, elbecially when the 
power or root of a Decimal Fradion is required, as in the next 
.Chapter. 

Example. To find the Logarithm of.^* 
From Log. of Numerator 3 . . . 10.4771213 or 100.4771213 
SubtradLpg. ofDenom. 4 . . . 0.6020600 . . . 0.6020600 
ThcRemainder is Log. erf 0.75 . • . 9.8750613 or 99.8750613 

Note, Putting the Index of the Log. of the numerator 3 to 
be 10, or 100, the Index of the remainder is 9, or 99, which 
is one place below units, and the reft of the remainder is found in 
the Table of Logarithms to anfwcr to 75, 750, or 7500 ; but as 
the Index determines the firft figure to be put one place below 
units, the number anfwering to the remainder is 0.75. 

VII. ^0 find the logarithm of a mixt Number. 

Reduce the Number aivcn jnjo gn improper Fradion ; then 
fubtrad the Log. of the denominator from the Log. of the numc* 
xator^ the remamder is the Log. fought. 

Example^ To find the Logarithm of 47J. 

The 47i reduced to m ipiproper Fraction, is f i : 

TheLc^arithmof the Numerator sy x.7558748 

The Lo^rithni of the Denpmlhatpr 12 .•....,. 1 .0798812 

Jhc Logarithm of 4Tf, (or pf 47?^) 0,6766936 

If 
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Of tbe Logaritims d/NumUrs. 



Vtkt VnCtion part annezM be a Decimal^ Numh 
feek for the I^og. of ciw mixt Number, as if 47500 
it was an Integer, obferving to prefix thereto 4750 
th^ proper Index, which always is equal 475 
to tnc number of places ic^ firft figure is 47.5 
didant from the place of units ; which is 4.75 
illuftrated by the adjoining Table, where the Q.475 
Logarithms differ only in the Indices. 010475 



LsgarUbms. 

3 6766936 
a.67669s6 
1,6766936 
0.6766936 
99.6766936 
98.6766936 

VIII. To find tbe Number^ that anfwers to a given Logarithm. 

Find the three figures next the Index of the Log. given in the 
ftcend column, and the laft four in the fame, or in one of the nine 
fbUewtng columns, and if you find it exaftly, in the firft column 
even therewith is the firft four figures of the Number, and the 
fifth at the top and bottom of the column in which the bft four 
figures of tbe given Log. is found* 

Example. To find the Number anfwering to the Log. 2.7341957. 
Seek in the fecond column for 734, (the three figures next the 
Index) and having found them, look to the right band for the 
tail four figures among the ten columns, and you will find in that 
fignM 7, is 2957 ; thus, 54237 are found to be the figures of the 
number fought *, but the Index of the Log. ^ven is 2 ; there* 
fore the three figures at the left make an Integer, and the laft two 
a decimal Fraftion, viz. 542.37. 

But if the Logarithm given be not found exa£):?y in tbe Table, 
take the next lefs, and fubtraft it from the Log. given, what 
remains look for in the proportional Parts of the dtTOreanoe of the 
Logarithms next lefs and greater, and s^uft it, or tbe pare next 
leis, is a fixth figure to be placed at the r^ht hand of the five 
figures before found ; and in cafe the proportional part be not 
found exadly, fubtradl it from the firft remainder, then place a 
cypher at the right hand of this remainder^ and s^ainft the neareft 
proportional {)art (either bigger or lels) is a fcventb figure to bs 
plaosd at the right hand of the fixth figure. 

Example* To f nd the Number anfwering to the Lo^. • 6.7343003 

Log. aeoct kfi in the Table if the L^. of 54^37 « tL|!2i? 

f ft Remainder ^6 
r^ f • * S fo' part • • • 40 
Diff. is So, the Table 6f Pts. Pro. CM^< ^d Rtmainder'dla 

C' \* >»8 fiirpaH ... .6.4 
Thus the Komber faoght is foo«d sa be 54^375^* 

Or 4600 (the flrft Remainder with tWQ cyphers annex'd) divided 
by Diff; $0, qaatts 58 to bo placed fo tbf flight hand of the J4237 
frft fomnd, as well as by the Table* 

CHAP. 
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( 9 ) 
CHAP. m. 

0/ Logaritbmical Arithmetic. 



1. IN Multitlication: Addthe 
J[ Logs, of the multiplicand 
and multiplier together, the 
{amis the Leg. of theprodud):. 

Example. Num. Logarithms 
Muidplicand 8.5 .. • 0.92941 89 
Multiplier. .10 • . 1,0000000 



Produft . • . . 85 « . . 1.9294189 



II. InDmfion: Subtraft the Log. 
of the divifor from the Log. of 
the dividend, the remainder is 
the Log. of the quotient. 

Example. Num* Logarithms 
Dividend 9712.8 • .3.9873444 
Divifor . • 456. . . . 2,6589648 
Quotient 21.3 ..< • 1.3283796 



To find the Complement of a Logarithm. 
Be^n at the kft hand, and write down what each figure wants 
of 9, only what the laft fignificant figure wants of 10 ; fo the 
Comp.of theLog. of456, i;/z. of 2.6589648 is 7.3410352. 

III. In the Rmle of Three.: Add the Logarithms of the fecond 
and third terms together, and from the fum fubtraft the L(^. of 
the firft, the remainder is the Log. of the fourth. Or inftead of 
fubtnding a Logarithm, add it's Complement, and the refiilt 
will be the fame \ but (in the tens place of the Index of the fum) 
1 h ever to be abated for each Complement thus taken, tho* the 
czprdlii^ it be omitted in any Rule hereafter ^iven. 



Log. of 4 is 0.6020600 



Example i. If four Ells coft 9/. what will twelve Ells coft? 
^nfaer 27 /, 

Or thus ; 
Comp. of Lc^. of 4 is • • 9.3979400 
Logarithm ot^ . ^ 9 • • . 0.9542425 
Logarithm of . , 12 • . . 1.079181a 

Logarithm of . , 27 . ..^1.4313637 



Log. of 9 ,. . 0.9542425 
Log. of 12 ..• 1.0791812 

Log.of io8 . .. 2.0334237 
Log. of 27.. •1.43 13637 



Example 2. If the Intereft of 100/. for 365 days is 6/. what is 
the Incendft of 5173/. for 321 days ? Anfwer^ 272.9643/. 

Comp. of the Log. of 100 . ^ , 8.0000000 

Comp. of the Log. of 365 . t • t •• t ••♦••• • 7^M7707i 

Logarithm of ...... 6 , ; . . . 0.7781513 

Logarithm of ... . 5173 • •3-7^374^5 

Logarithm of ..... 321 , ^ y 2.5065050 

Logarithm of . ^ . . • 272.9643 • . . .a2.436io59 

B A 
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Of Logarlthmical Arithmetic. 



A TABLE Jhewins; the number of days from an;f day in any 
month y to the fame day in any foUimttx month. 







.?65 


ft*. 
334 


Mar 
306 


^75 


t^SEl 


184 


•53 


122 


oa. 
92 




3» 




Januar 


a45 


214 




Februa. 


31 


365 


337 


306 


25>6 


^45 


2lf 


1 84 


'53 


123 


92 


62 




March 


59 


28 


365 


334 


3P4 


^73 


243 


312 


181 


il5» 


120 


90 




Jprii 


90 
120 


59 
89 


3' 
61 


3,65 
30 


3Q5 


304 
334 


274 
?04 


?43 
173 


212 
242 


212 


T5I 

181 


121 

'51 


May 


To 


June 


'5« 


(20 


9» 


61 


2[l 


365 


33: 


394 


^73 


245 


lit 


182 




July 


(81 


\Sd 


122 


9' 


61 


30 


IH 


334 


303 


273 


i42 


212 




Auguli 


212 

Hi 


181 

212 


1S4 


122 
'53 


92 


_6i 
9* 


3> 
6i 


<65 


?34 


304 


273 
304 


243 
274 


Septem. 


365 


33f 




Oilober 


i73 


242 


214 


i«3 


'53 


122 


92 


6i 


30 


3<'5 


334 


3«4 




Novem. 


304 


273 


245 


214 


184 


153 


123 


9.2 


61 


3» 


965 


335 
3^5i 




^Decemb. 


?34 


m 


^7§ 


244 


.=f»4 


i83'i.55 


122 


.V 


61 


30 



Example. To find the nwnjbcf of days from the ift, idth, 
or 2pth of June to the ift, ipth, or 20th of March. 

Find JuHtfX, the Head* and down that Coli|mn» in the line even 
"wAi March b 273 days: Or if it wa^from the 15th oijunexo 
the 26th cf March \ then the number of days woMid be eleven 
more than 27$, viz. 284 days«. Thus the tiun^ber of day^ in any 
time under a year any be found by Inrpe£|Jon» 

ly. 7i raife powers hy Logaritims. 

Multiply the Log. pf the Number given by the Index of the 
power required, the prbdudt will be the Log* of the power foi^t. 

Example. . Let the cube Of 32 be required by Logarithms. 

The Log,. of 32 is 1.5051500, which multiplied by ^ i^ 
4-5«545Q<>.theLog, of 32768 the cube of 32. 

But in raifing the powers (viz. fquaring, cubing, 6?^.) of any 
Decimal j^raftipn by Logarithms, it rtiuft be obfervcd, that 
the firft fignificant figure of the power be pur fo many places below 
the place pf units, as the Index of it's Logarithm wants of to, 
J 00, fcff. multiplied by the Index of the pOwer. 

Example. Let the cube of 0.009 ^ r^uined by liOgarithms. 

The Log« 0.009 is 7.9542425, which miiitipl^ by ^ 19 
13.8627^75 the Log. of o%oooooo729 the cube of OW009 : Here 
the Index of t&e Log. of the power ia 23, which wants fercn of 
lox (3) the Index of the power ; therefore the firft figpific^nt 
fi»]re of the power muft be 16 the feventh place below units : But 
when the firft figure of the power (hall be lower than the tenth 

place. 
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Of Logarithmkal Arithmetic. i\ 

plice, it will beneceflary to admit another place into the Index of 
the L(^. of the given number^ by making it the complement to 
loo. 

Example. Let the lixth power, or Cubo-cube of the fine of 
1 imn. (Rad. i) be required. 

The liOg. of the fine i min. In the Tables is 6.46372^1, but 
in this cafe miift be 96.4637261, which multiplied by 6 (the In- 
dex of the power) is 578.7823566, the Log. of 0.00000,00000, 
00000,00000,06058,383 : Here the Index of the Ijog, of the 
power 15578, which wants 22 of 100 x (6) the Index of the 
power i therefore the firft fignificant figure of the power muft be 
m the 22d place b^low units. 

Or any power of a Decimal Fradlion may be rak*d, by multi- 
plying the complement of the Log. of the Fradion by the Index 
of the power ; the complement ot the produd is the Log. of the 
power fought. 

Example. Let the 0.625th power Log.o^ 0.0032=7.505 1500 
of 0.003! be required. Complement 2,4948500 

Jtnpwer^ 0.0275879* multiply^ d by 0.625 

-12474^2500 
Note^ By this method, the num- *9^7opQ 

\xx of fraftion cyphers preceding in 149691000 

the powcr> will be the fame as the Pi^ufl i*S59'^^\^50^ 

Index of the produd. Complement 8 .44 07 1 8 7500 

is the Log. of 0.0275879 

Again, Let 6.25th power of 0.0032 be required. 

The Log. of 0.0032 (as before) is 7.5051500, and it's com- 
idement 2.4948500, which muUiplied by 6.25, the produd is 
ten times the former, viz. 15.5928125, and it*s complement 
84.4071875; which anfwers to o.ooooo^ooooo>ooooot255389 the 
^.25th power of 0.0032. 

V, To exiraff the roots of powers hy Logarithms. 
Divide the 1a%. of the Number by the Index of the power, 
tbe quotient is the Log. of the root ibught. 

Example. Let the Cubc^root of 6751269 be tt^uircd 
The Log. of 6751269 is 6.3293854, which divided by 3 the 
Index of the power, quotes 2,2764618 the Log. of 189, the 
Cube^root fought. 

But if the power, whofe root is to be extraflwd, is a Decimal 
Fraction, prefix to the Index of it's Log. a figiirc kfs by one than 
the Index of the power, and divide the whole by the power's In- 
dex, the quotient will be the Ijog. of the root iought. 

B 2 Example. 
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12 Of Logarithmical Arithmetic. 

Example. Let the Cubo-cube-root, or root of the fixth power 
of 0.00000)00000,00000,00000,06058,383 be required. 

The Log. of 0.00000,00000,00000,00000,06058,383, is 
78.7823566, to which prefixing 6—1=5, the whole is 578.78- 
23566, which being divided by 6 (the Index of the power) the 
quotient is 96.4637261, the Log. of 0.00029,08882, the root 
fought. 

Or the root of a Decimal Fraction as any power, may be had» 
by dividing the complement of the Log. of the Fradtion by the In- 
dex of the power, the Complement of the quotient is the Log. of 
the root fought. "^ 

Example. Let the 0.625th root of 0.0275879 be required. 
The Log. of 0.0275879 is 8.4407188, and it's complement 
1.55928 12, which divided by 0.625 quotes 2.4948500, whole 
complement is 7.5051500 the Log. of 0.0031, the root fought* 

Again. Let the 6.25th root of 0.00000,00000,00000,25538 be 
required. 

The Log. of 0.00000,00000,00000,25538 is 84.4071875, and 
it's complement 15.5928125, which divided by 6.25 quotes 
2.4948500, whofe complement is 7.5051500 the Log. of 0*00329 
the root fought, as before. 

VI. To findmean proportionals between any two Numbers. 
Subtraft the Lc^. of the leaft term from the Log. of the great- 
dl, and divide the remainder by a number more by one than 
the number of means defired ; then add the quotient to the Loe. 
of the leaft term (or fubtraft it from the Log. of the greateft) 
continually, and it will give the Logarithms of all the oiean pro- 
portionals reouired. 

Example. Let three mean proportionals be Ibught, between 
106 and 100. 
Log. of io6« ••«;. <f ••;..• • 2.0253059 

Log. of 100 • • • • • • . ,2.0000000 

Divide by 4)0.0253059 ( 0.0063264.75 

Log. of the leaft term 100 a.ooooooo 

Log. of the firft mean, 101.4673846 . .. . » • . 2.0063264.75 
Log. of the iecond, . . . ioa.9563014 . . . . • 2.0126529.5 

Log. of the third .... 104.4670483 2.0189794.25 

Log. of the greateft term 106 2.0253059 

If of II mean proportionals, between 106 and 100, the 9th 
mean was required I divide the aforefaid remainder by 12, and . 
multiply the quotient by 9, and add the produd to the Log. of the 
leaft term ; or multiply the quotient by 3, and fubtraft the pro- 
dudl from the Log. df the greateft, the fum or difference is the 
Log. of the 9Ch mean required \ and is the fame as the third in the 
preceding Example. C H A F« 
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C H A P. IV. 

Of Compound Interefty by Dr. Edm* Hallb y, 
R. Aftr. Sav. Pr. Geom. Ox. ftp F. IL S. 

APriocipol Ufe of Log^xthni8» is to folire all the Cafes of 
compound Intereft, which are not without great difficulty 
attainable by the Rules of comnion Arichnaetic. But 
before we proceed to the practical part, it may perhaps not be 
improper to iay ibmething of the foundation or demonftration of 
the Rules we are to give. 

Therefore let p be any fum of money forborn / times \ r the 
me of Interdl; or produce of one Pound and it's Intereft in one 
dme ; chat is, as i to r^ fo I Pound to it*s amount after one 
year, or other fpace of time ; and let m be the amount of the fum 
f forborn / times. Now becaufe in one year or time unity be* 
comes r, by the £ime realbn r will in another time become rr^ 
and rr in a 3^ time become rS &^- it appears that r< or r 
railed to the power, whole Index is the number of times» will be 
die amount of one Pound forborn / times, and therefore : 

L The amount m^pt^ ; therefore multiply the Logarithm of r 
by t and to the produft add the Lc^rithm of /», the fum fhaU be 
the Logarithm of m. 

Example. What is the amount of 15/. i^s. 6d. fi)rbom 12 
jears zii^per CenL per Annum compound Intereft. 

The number i.o6=sr it's Log. 0.0253059 

Which Log. multiplied by (/=)i2 the years produces 0.303670^ 
The principal ^m 15/. 175. 6^. = 15.875/.=^, it'sLx)g. 1.2007137 
The amount 31/. i8j. ioW,=3i.94362/.=:»j,it'sLog. 1.5(^3845 

n. Hs= — i therefore if from the liOgarithm of m the Lo- 
garithm of /> be fubtraded, and the remainder be divided by /, 
the quotient is the Ix^rithm of r. 

Example. What is the rate of compound Intereft, when the fum 
of 15/. ijs. 6d. forborn 12 years amounts to 31/. i8i. io\d. 

Tl^e 
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14 0/ amptmrid Interefi-. 

Theamount 4i/. i8/. iofi.r=3i.94362/.— m,it'sLog. 1.5643845 

,Tlicprincipaffum.i5/. i7^- ^'L^\^^TS^-'^^% ysLo g.T. 2007 137 

The remainder is Log. of r^ • . . i ^ , . 0.3036708 

Which divided by t—ii quotes Log of (1,06=:) r . . .^02'53O59 
Therefore the rate is 6 fer Cent, per Annum. 

IIL Becaufe r^=^} divide th? difference of the Logarithms 

tof f» and ;; by the Logarithm of r : the quotient is /, or the time 
whencin the fum p will amount to m at the rate r. 

. Example. In what time will the principal fum of 15/. lys. 6d. 

amount to 31/. i8i. loii. at 6 per Cent, per Annum compound 

Intcrcft. 

Thcamount3i/. i8j. iO|i.=3t.94362/.=m,it*sLog,i.5043S45 

The principalfum 15/. 17;. 6ti,=n 5.8 75/.=^^ it's Log. 1,2007137 

The remainder is Log. of r<»' ........ ^ . . • O.3O36708 

Which divided by 0.0253059 =^ Ijog. of r quotes iz years for 
the time. 

IV. puz—i therefore multiply the Logarithm of /* by /, and 

fubtraft the prodtlft from the Log, of m ; the remainder ihall be 
the Log. of p the principal fun). 

Example. What is the principal fum that in I2 years at 6 
per Cent, per Annum, compound Intereft will amount to 31/. i8j. 

Theamount 31/, i8i. iojJ."=:3i.94362/.s=»i,it*sLog. 1. 5043845 
The number i.o6a=sr ...••• ^ ••• • it's Log. 0*025 3059 
Which Log, multiplied by (/ass) 1 2 the years produces o. 3036708 
And fobtraAcd from the Log. of the amount ■"^ " ■■ 

Theremf. is Log. of (i5.875/.=i5/. 175. 6d.zs:)p.^ss 1.2007137 

The four preceding Rules are alio readily deduced from the.con* 
(ide^ation of the rebate of money in this manner. 
For if in any time, r becomes i, in the lalne time i becomes 

— > fnd in the fecond time —becomes—, and in the third — »€5^r. 
r r rr rrr 

fo that putting /> the value or prefent Worth of any fum m payable 

after / times, at the rate of r to i. 

I. The fum m-^pt^ ; therefore multiply the Log, of r by r, and to 
the produftadd the Log. of ;f, the fum fhall bcLiOg.of >w fought. 

II. f<a:— 5 therefore from the Log. of iw fubtra6t the Log. p^ 

and divide the remainder by / ; the quotient will be the Log of r, 

4. III. Since 
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Of Compound Jnterejt^ \^ 

lU. Since Kaa-r.) divide the difibrence of the Lpgl. iSt m 

and p by the Log. of r, thequotieot ikall be > the ntufkhct of 
fctn. 

IV. ^=7i'; therefore mnlriply the Log, of ir by *, and fob- 

tr«a the produa from the lx>t: of /f, thereni^odcr willbf th« 
Log. of p : which finds the yalne of any fum of money payable 
aftCT anytime afligned* 

iThe Logarithms arc alfo fcrviccable to rcfqlve all qoeftrons 
concerning the an^ount or prcftnt worth of Annuities, not pai4 
as due, or purchafcd to be paid for time to come. 

Let ii be an Annuity or yeai'lypcnfion^whotefttcccffive amounts 
for times pafl; am^r*, and whofe prcfent values arclfucccffivc* 
Iy,by what goes before: -^ndthcftfksi^c.ar^ar^ ar^^ifr^a^^ 

^^—> -^ -f» ^V» ;:i>^^- willbearanfcofmeanpropor- 
tjonals continued infinitely in the ratfo of r to i : Now the fom 
i>f ail the confcquent^, or of the whole infinite ferics, will be to 
the ftjid fom increafed by tlje next greater term (or the fum of 
all the aoteccdents} as i tp r, by £«<:/. 5. 12. Wherefore put- 
ting jr for the faid fum of the confcqucnts, ry will be equal 
tQ y^ar^^ the fum of the antecedents ; and ry—y=zar^ • and 

therefore ~ will be equal to y, the fqm of all our mean pro- 
portionals, whereof ^r^-? is the greateft. And by the lame Rule 
^ZZ*^ Vill ^ ^^^ furo of all the terms whereof — is the greateft. 

Sothatif wefubtraa— ^from— ^, the difFcrcnccwilIbe thefiun 

of all the terms^ whereof ^r^"' is the greateft, and a the fcaft^ 
their number bemg f j which fum we will call z. Thcrctpre z 
('the amount of the annuity of a forborn $ times at the rate r) 

* ^i ■ • , 

I. 7be ammity (a) rate of Lrtereft (r) avd time {t) hmg 
pv$$fy to find (z) the amount. * 

From the Log, of a fubtradk the Log. of r— j, and to the 
remainder add the Log. of t^ ; from the number anfwcriog to 

Exampk^ 



reniainaer aaa tne juog. 01 t^ ; trom tne numoer anlweriog to 
this laft -fum, (ubtrad the number anfwering to the remainder 
the dificrence fliall be z the amount fought. ' 
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1 6 Oj Ompotmi tnter'eji. 

tMomfk. What will on annuity of 344/. forboni ia| yean 
•mount to at 6 ^r Ctnt. ptr Annum. 

*=34-4 Lf=i.53<J5584 I>=so.02 53059 

r— iso^ L,r— I«8778i5i3 » =a^. . .. 12.5 

;£:j =573-3333 L.~-,= 2.7584071 'J^^^?^ 

Lyt= o.3i6323y 253059 

^^a- 1187.7^60 L~ =3.0747308 L. »*=a3i63237.5 
«ss6i443»7A arj;3j-—^—^=the Amount. 

(r) l«Mi^ iw», <o fini {f) the tim. 
By the foregoin g " ^^^ a« j^thesefore a+ '^Z^'^, ^ **• 

Wherefore from the Log. of a fabtradt the Log. ~i j to the 
number anfwering to the rema'inder add the given amount, 
and from the Log. of the fam fubtraft the afore^bond remain- 
def) this frcond remainder divided by the Log. of r will quote 
the time required. 

BctM^: In what time will an annuity of 344/. amoaot tQ 
6144327/. at the rate of 6p«r Ont. ptr Amiam. 
a=34.4 L.tfi=i«5365584 

r-isso.aS L.r— 1= 8.7781513 

^-573-3333 L.^-^=2.758407i 

«=6i4.4327 
—T =^1187.7660 L. ~~ = 3.0747308 

L. r=ao2 53o5p)o.3i63237( 1 2.5ycar8ss«, 

XIL fbt amount (ft) ra$$ 0/ Intrnfi (r) and tim* {t) Mfg 
pvnit to find {a) the annuity. 

The former Equation being reduced a= ^_^ • Whcre^ 

fore, to the Log, of the aroount «, add the Log. of r— i, and 
from the fum fabtraft the Log. of r^^i, the remainder ia the 
Log. of 4f. 

ExampJ$ 
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(3^ Cmpmd Ikfv^ t^ 

Cm. j«r jiMtnm. tamUm qi <Si4-4397A bo«? «Pach is th«f 
annoic/. 

2=614.4327 L. z?cz.78g4743 L.rss 0.0253059 

»*«2^7,685 rifeeSt L.r*=o.3 .63237 

r<— 1 = 1.071685 - "^ / 

L.rt — 1 =0.030067; 

L. 34,4/, fhr aonuity = L.tf=i.536£5ii5 
IV. "the annuitj {tf) time (/) and amQunt {z) being j/w», to 

In order 1^ fiind rj, t|ie Ibraicr Squajtipn is reduced tp -- rr-i 

=— r— ^, or in our prcfent cafe 16.8614=2 I7,86i4r—r% 

which is lb aflfefted as not readily to be rcfolved by the general 
mcttxxl for refolutioa of Equations, uqlefs we can Arft approach 
it bf fome other nysaiis) for wliich purpofe take cbe following 
Rule, which will fuffiqe where great e^cactnels is not required. 

— f— 6 ^ 

Let ^[* ?:l+^ ^4 kt —:;?*. IX^y, l)^^t bffj^} 

*^h^xp^T% (K9rthe increase of tjb^ ra^e^ orr— j. 

Wherefore take the Log. of the amount, and the complements 
of tfie Logarithms of the tinoe and amiyicy, the iiim (ab^tiag z 

in the tens place ^f chp Indqx) dmde ixy | x /— 1 ^ the quotient 
Ihall be the Log. of i-fy: Then divkle 6 by /-f i, arid to h 
the quotient add twice y \. ^d to the JLog. of b add i;he Log. 

of i-f-^J' J half the fum fhall be the Log* of W-f-2*)r, from 
wbidi iqu9#e root fiihcraSi, the refidue will be very near the 
increafe, or r— t : and adding i, r is found. If great exafbiefs 

z 
bedelired let r thus found be^flum^d, aad J^— ^ compared 

widi — — I 5 win always be grc2^ter than it 5 and dividing 

z 
the excefs by /f<— » r- -^ , the quotient added to r ftall verify as 

many more figures ia the mte as were true in the afTumed r. 

C Eaamfk. 
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« «. =0.4444444 ,^=^^28078. 

a, 0..1 286780.. .. - ■ J^«9-6478'75 



"i^ Of Con^^ound fyttrefi. 

Example. An annuity of 34-4^. f6rborn't2f years aftiount* to 
i5i4.4328/. required the face of inteticft allowed. . 

«=6i4.4327 L»=2.7884743 ' ' '" 

#«iz.S: co.L,#=:8.90S09oo ... 

453 34.4 co.L.«=M£344i? : 

: |X#iri=aj.7s;p.i.ssoos9( 0.0269575 sL. ( 1^^: ^.064039 

i^ -^=4- =0-4444444 
f+i 135 

ay • • • _ ■ • 

*4.iy ,.•;.. 0:57^5^24 .... L..H^;s=975779|6 

5+1^1^ . ; • . : 0.5044353 . ^9d2i6M. 

*.:/...... ,0.44^4444 L. »4-i^l*=3;7028o55 

r— 1 0.0595909 . " 

Therefore tl^e rate of IntereC ibught is 6 f«r Cm.f» Awmrn. 

" Aftes t¥e fame manner the four Cafes relating to the purchafe 
of annuities arc readily folved by Logarithms, and the Theorems 

di&overcd with the lame eafc ; for a^ — t — t -^^ -r-y ^^* 

I r rr r* r^ 

being a fcale of mean prdportionaJs . in the rafio of r to i,. piic 
y for the fum of all the confequents infimcely tcoptinuedr where- 
of- is the fkft, and that fum will be to the fum of all the an- 
tcocdents whereof a is the firft, as i to r, that is'i ; r: :y : 
ryy fo that rjsrjH-/t, and-— , vAUbt €i\\^\ to y the value of 
the fce^ or the fum. of aljl the mean proportionals kis.thaD a. 
And by the fame Rule ^^^^^^ will be the fum of all the means 

Ids than ^> or the value of the reveffion : and fubtrafting the 
one fum from the other — 7- ." ^ '', ^W^ bfe cquki to z' the 
fum of all the means, whereof - is the greateftp and ^ the 

r ;-t ^ * 

I. "The annuity {a) time (/) and rate of tni&efi (r) : being pven^ 
to find (2) the frefent value. 

a a / 

The prcfent value z= — "r — '-^=^ \ therefore from L02. 

of the annuity fubrraft the Log. of r— i, and from the reiidue 
fubtraft alfo the Log, of r^, Ae difference of the numbers an- 
Iwcring to the two remainders is the prefcnt value rought. 

Examplei 
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Of dmpGund. Mtrefk ip 

Socample. "What is 70/. per Annum to continue 59 years worth 
in prcfent money, ^t the rate of 5 per Cent, per Annum. 

a^jo. JL^tf =1.8450980 L. r=o.o2ii893 

r— iaso.05 L.r— 1= 8.6989700 /== :,,,,, ,59 

Fcca:.i4.doi L. fee=3.i46i28o 1907037 

Rcmfion 78,6972/. . L. r<r= l.25oi687 1059465 

L.rcvcr. =1.8959593 L.r«s=s 1.2501687 

S132J.3028/. the prefent value fought. 



JI. ne annuity {a) prefent ,value (2) and rate of interejl (r) 
leing ghen^ to find (/) the time. " * 

Now f< will, be equal to — -• (or, the. Foe) divide^ by.. the 

value of the rcverfion, that is by^:~^— «. Whcrcfortirom the 

Ii%. of the annuity/ fbbtraA the Log. pCr-r-i ; the number 
anfwcring to the remainder will be the value of the fee ;* froiji the 
fee fiibtntft the prefent worth, the refidueis the value .of* the re* 
verfion. Take the tc^. of fhe rcverfion from the Log, of the 
fee, .arid divide the refidue by the Log. of r, the quotient -will, be 
/ the number of years fought. - ,^ ' -..^ ^ ....... 

• Example. In what, time will .an v^nuity ol'jol. per' Annum pay 
ofTa debt of 1321.3028/i allowing the Crolitor s p^ Gent, fer 
Annum. . • 

a^yo L.j = 1.8450980 

/^iaso.05 .- 'L.r— 1=856989700 
Fee=:i40o * . ^ L. fec=3.i46i2«o 
:g=i 32 1.3028 

Rcverfion 78.6972 L. rev. ^1:89595 93 

L.r=so.o2 1 1 893 J 1. 3501^87(59 yearsrr/. 

III. The prefent value (2) rate of interejl {r) and time (/) heitfg 
gtven^ to find (a) the annuity, . 
The former Equation (nay be reducecl to this proportion, as 

J — — to z, fi) is r-T i.to a th^ annuity fought. 

Wherefore to thecoraj^cmcnt of the Log. of i-^~ ^dcJ the 

Logarithms of £ and of r—j, the fum IhaH be Log. of ». 

— -02 Example 
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20 Of CMtpakHii StM-eJt. 

MitaMli. What Mnukf to tentiimft 59 years can be pui^ 
chaiid tot tjai.jozS/. dt the rate oi 5 ferCnU.pirjImum. 

j^«o.o562i23 ^ L.r«04jaii«93 

1-^^^0-9437877 C0.L.1-— 0.0151257 L.rtZi!t^\6g7 

r-il=o.05 t. r~ ^ 8.6^^9700 ^-J^i*^- 7498313 

L. (70/.=) a the' annuity fought=uH5098o 

IV, ^e annuiiy (a) prefent value (z) dtul lime (/) ' lAng p- 
ven^ to find (r) the rate of interejl. 

This Problem bdng txtor« difficult than appears 1^ fi rft 
fi^t, and nB<|iuring the ibiu^ of this Equation — r= ■ r^ 

~— - , to Which it !s rschjced ; there lintft b^appliad Ibme aic« 

thod bf tfpptoaching the root f» which is by no means ci^ident : 
And that aMrdidmation %% the nomber of years and rate are 
greater or lets» cannot properly be obtaiiied by one general rule i 
but rather by two, accoraing as the v^e of the reverfion is 
l^tcr or le& 
If tfaenumber of years be great (as Ibppofe 40 or opwaftls) 

and efpecially if the rate of intereft be high j + --^ will be nearly 

therate» or niorc aiiaflattly -^^^-^ —r-- ^ — % call k n and 

ft fi'Ya ak 

a 
. --— * will be exceeding near the value of the revcrfion, which 

let be X ; then z-f- "^j;-* ^hall approach the true rate fulEciently. 

But if greater exadned be defired, by t cpeatwg this procrefi it 
will be obtain'd. Hence this ruk: From che Log. of j^ and 
alfo from the Log. of z-^a^ take the Log. of «» ^ts Jatcer re- 
mainder (hall be nearly the Ijag. of the rate : Multiply that Log. 
by /» and the complement of the produ£l add to the firft re« 
mainder I thexlecimai fra^on anfweringto the fum taken from 
the former rate fliall give a more correct fate. With diis Tare 
leek X the reverfion after the time ^ven, which add to z j then 
to the complement of the Log. of c-f^* ^^^ ^^ ^-^* ^^^> ^ 
fum fhall be the Log. of the increafe or of f^i fufficiently near. 
^ Example. 
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Exdm^U. If 131 1.302s/. h paid for an annuity of 70/. per A/h 
num for 59 ycstrs to comc^ vnat is the rate of intereft allowed 
the Parchafcr ? 

^.1321.3028 Lga aViziootB L* 3IZI0023 

— =ioc207« f *^-7*409S7 •H^ 

LDg,e fe^tr» ...^ > ^-30135" • ^ *20i'772 

Rxftrc^uof04S9 L.rsaa.oai3787 1120970 

te a* ' » • S9 - s4*' " 

l+to.j,7.304StfaRe L^^.^z^mj^ co.u;=:,„ 1.^,970700 

CoX.£:pZs.6.ft5470»8 . L^«i. 8450980 

l;^,. I 8x^0080 t ^,:g8o8H7 

r— 129^.005096 I*i*~mtf.b998o68 ^^ 

So that the rate of kieoeft fimght is 5 per Cent, per jtnnum. 
If the oumber of yeart be ihull, the aforelatd Hule will avail 
litde. la this cale it will be requifite to approach the rate thus. 

Let J— — be the Index of a root of ~ ; from which root fub- 

traft I, and the remainder call y^ and kt -^r ^ ^^ *• ^ ^7» 

that ^-^ ^UTa?)!^ ^s diffidently near to r-**r» and will be ftill 

nearer the truth, as the number of years is fmaller \ and that the 

error will be always in excefi. i^enpe the K,ule : Divide the 

at /-f-i 
Lag, ef -* 6y ^^^ and fiom the number anfwering to the 

qibtieot fubtraA i ; double the remainder, and fubtraA it from 
h r that if from the quotient of 6 ditided by /— i ^ to the 
Logaritbm of this renviinder add the Log. of by, then the num* 
bcr aa^vering to half the ium of thofe Logarithms taken from 
h will leave r---i the increafe of che rate fought. 



Example. 
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^ Of Compound Inttrefi. 

- ^*f «^^- An annuity of 20/. per Annum, to cootiaue ^ i years, 

rfiaftr -^^ required the rate of iatcrcft allowed the pur- 



to '1^-^^:^1.3010300 

/= 21 ^•/^2:I,3222I93 

«5=2ZO CO.L .gsa i7.g5y5yy3 

ix /+ 1 ss^i i)o.2go8266(o/o?55a9fc=L.(7IiI5^=)i£6o5££ 

2jya gQ,i2i0 92 

^j^J^ L>T ac9.477i2tl?' 

"*/-^I 20"" ^'^ L.i — 2)^5^9^^25^6298 

^J^ : . . . . O.I2JP92 1-8,7^97511 

*^-^ . . . 0.178908 ' . L.Jjrf^i-9-3M755 

^J^-2j^l* •.0.231673 I 

Now i— W — 2^j[?=r:0.068327=r>— I ' ^ 

Therefore r= 1.068327 the rttc fought* 

. The rate r thus found is always fomc fmall matter too big, the 
true rate being i .068 14 ; but as the number of years arc fewer, 
the error becomes infenfibl^. If greater exaftnds be required, 
•twill be eafy by the general method for the refolution ot Equa- 
tk>nsy having fo near an approximation .to profecute this enquiry 
as far as you pleafe. But this feems abundantly* fufl^cient for ufe, 
which is our principal def^ in thi» place; '^ _ . 

Lalllyj By way of Corollary to. the former. Let it be required 
to find the rate of intereft allowed the Purchafer when he pays a 
hmz~y for an annuity =i}, wherein he has already atcrmcs/, 
to hSNt it prolonged for a certain time ^szpc. 

Example* An annuity of 20/. per Annum being in poiScflion 
for the terjn of 2 1 years, and for 40/. paid down,* it can be pro- 
longM for lO years more, Dr to 31 years ; what is the rate of 
intewft required ?. ' 

Put T=s 2/4-^+1* and IT* flull be the Index of a root of 

— . Lctf4* ^^ ^q"^ ^^ ^'\-y» ^d — ~^b. Ifijr r— I 
is very near to i— t^^— 2^j»i** 
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Of Compound Intertfi. . 23 

x^» 10. L. x= 1 ,0000000 

zssz^Q co.J1;k= 8^3979400 . . , 

fr=26.5)o.69897oo(o.02637^2all(r45*»)i*o626i< 

*= — ^== 3.24 J^^=o.5^i0545p 

2y*- 0.125232 L> i>— 2y ^o>4934^57 

1.0039707 

^^i=jA2676y L.W_i^j;|* =0.5019855 

i— W^32jy|*=:0.o63233=r — I 

Therefore r= 1.063233 the rate Ibught. 
As will be readily proved bjr fccking- the vatoe of the reverCok 
01 an annuity oiiol.per Annum for 10 years after 21 ; at the 
rate of 1.063233 per Cent, per Annum. See the Work.* 

tf=2o ^^^ = 1.3010300 l^.r=Qjoi662Zi^ 

''—12^0.063233 CO. L.r— 1 = 1.1990562 ^ 2i 

coJ^ rt=s9j4o8o36 266284 

R^cr* 8y.2ysL L. rev. = 1. 9408 898 532568 

CO. L>r^;= 9>7337i6Q L,rteo^559 1964. 
Rcver. 47.2722/ . L. rev. =1.6746058 

•40.002b/. the value fought. 

Thus it appears that 40/* and about three farthings is the 
true value of the difierence of the rcverfions at the rate of iti- 
tereft before found ; by which it may be judged how near: an 
approsdmation the foregoing Rule affords towards finding tlK 
rate of intercft, when the value of an annuity for a term of years 
to commence ^er fuch a diftant time is propofed. 



CHAP, V. 

Of the Table of Natural and Logarithmic Sines y 
Tangents and Secants. 

TH E natural Sines, T^ogents and Secants^ are every where 
io the columns next to the minutes, and fign'd with N. as 
their Logarithms are with L. in the adjoining columns ; 
at the top if the arc is left than 45 degrees, and at the bottom if 
greater, as far as 90 degrees \ and the differences of the Log. 

Sines 
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04 Of the ^ahk tf Sines, &c. 

SineSt Tangents, and Secants, are common to the Logarkbms 
on both hdcsj and thofe Logarithms (abating i in the teiw 
place of the Index) are mucualiy complcmeors to each other; 
so thtt "bf this Table, the complement ^ any Log. Sine, Co.fine« 
Tangent, Co*ungent, Secant, and Co-fecant, is as readily taken^ 
as the L^g. Sine^ C>fine» Csf^. icfelf to every miouce of every 
degree of the Qoadranr. 

But if the complement of a Log. Tanppnt above 45 degrees, 
or of a Leg. Secant is taken i then 2 will be to the left liand 
of the fum ^thtt is, in the tens plaq: of (he Index) lobe abated, 
inftead of an unit. 

I. To find the Sinij Co-fine^ Tangent^ Oo4angenty Secant^ and 
C(hfecan$ of any Arc to 90 degrees j either natural or logarilbmical. 

S^k the number of degrees at the top or bottom of the Table ; 
and the minutes on the left hand downwards, or on the right 
hand upwards, and even therewith is both the natural and the 
logarithmic Sine, Co-fine, &r. to be found in it^s proper 
column. ^ 

But if the arc contains any parts of a minute, .intermediate 
to thofe found in the Table : Talke the difference between the 
Sines, &r. of the ^ven d^rees and minutes, and 4)f the mi- 
nute next greater. Then as 1 is to that difierence, ib is the 
given intermediatepart of a minute in decimals to a fourth ; there- 
-ibre multiply that diffeccoce by fuch deicimal part, and add the 
product to the Sine, Tai^ent, and Secant, or fubdud it irojoi the 
Confine, Co-tai^nt and Co-fecant, of the given degrees and 
minutes, the iiim or remainder will be the Sine^ i^f. required. 

Wi)cnany fexageiimal parts are given of a lower denomina- 
tion than minutes, they may be reduqed to the decimal pare of a 
minute, by the Table at the end of the Vcrfcd Sines. 
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Example i. To find the natural Sine of i* 48' 28" 12' 

The natural Gneof i* 49' 3*7015 

The natural fineof 1^ 4fi' , . .^r4.io8 

The difference . . ^907 

Now 1 : 2907: : (28" 1 2'"=:) 0.47': 1366, or 2907x0.47'= 13^^ 
The natural fine of i* 48' .* .^14108 

The natural fine of i* 48' 28* 12"' 3*5474 

Note^ If the diff. 2907 Was multiplied by 28.2", and the 
produft divided by 6q, the quotient would be 1366, as before. 

Example 
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Ofth^ TaSk of SinBfi &c. 25 

EMmpk 2. To find th6 Log. Sine of i* 48 '28'' ii''\ 

Thet/>g. fine of I* 48' . • . 8.4970784 

The difierence given in the Table is 40014, and 7 ^^ 

multiplied byo'. 47 (=28" li'") prodtices nearly J ' * * '^^o? 
The Log. fine of i® 48' 28" \i'" 8.4989591 

Noie^ In thcfe fmall arc* (if exaftncfs is rct^uiredj it would 
be better to find firft by this Table the natural Sine of Tangent, 
and then it's Logarithm by the Table of the Logarithms of Num- 
bers, 

Example i. Tofind the Log. Co-fincof 88^ 11' Si*' /^Z*'\ 

The Log. Co-fine of 88^ 11' . • 8.5010798 

The dig: is 40014, and mult, by o'.53(rr^r'48''07 

produces . . • , J —^'^Q? 

The Log. Co-fine of 88** 11' 31" 48"' ip 6.4989591 

Which is the £ime as the Log, fine of it*s complement tound ia 
Ex. 2. 
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Exarhple 4. To find the Log. Tangent of 2** 23^ 33^' ^S'^ 

The Log, Tangent of 2® 23' • 8.6193 127 

Thediff. is 303oa,and muft. by o'.56(=33^^36^'0 pro duces 1696}? 
The Log. Tangent of 2* 23' 33'' 36" . . . . • . 6.6210095 

Or Log. Co- tang, of 8 7 36 26 24. 

NbU^ The Log. Tangent' + Log Co- tangent=2 0.0000000 

Alfo the Log. Sinc + I/>g. Co-Secant . . ; . . 20.0000000 

Example 5. To find fhe Log. Secant 2® sf ^2" 24'". 

The Log. Secant of 2^ 57' •10.0005759 

The diff. is 65^ and mult, by o'.54(=32'' 24"') produ ces • . . 35 
The Log. Secant of 2* 57' 32" 24'" . . • r . • . *^ 10.0005794 
The Log. Co-fine of 2 57 32 24 therefore is. . > • 9.9994206 
For the Log. Secant and Log. Co-fine together make 20.00000C0 

IL jt natural or. logarithmic SiHe^ Cthfine^ Tangent ^ Co4angent^ 

Secant^ or Co-fecant being given^ to find the Arc. 

Take the next lefs of the fame kind found in the Tables, and 
fiibduft it fit)m that given^ obferving the decrees and minutes 
anfwering to it ; then annexing a or 3 cyphers to the rcmaiadcr, 
(Ste CHajp. II. al the end) divide it by thk diffeicnce between it 
and the next greater, the quotient will be the decimal part of 3 
minute to be added to, or fubtradlcd from the degrees and minuiia 
before found. 

A dectmal fra^ion may be reduced into a icxagefimal, by the 
Table ac the end of the V^led-fines. 

D E»tamplf 
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26 Of the ^ahk of Sines, &c. 

Example I. Given the Log-fme 9.8393859 to find the An:. 
The L<^*.fine of 43^ 41' is next left 9,8392719 
llic diff. between it and next greater 1322)1 i40tOOO(o'.862 
Anfwcr 43**4if.862=^3*4ir 51" 43'''. 

Example 2. Given the Log. Tangent ^.6y666Sy to find the Arc 
The Log. Tang, of 25^ 24' is next Icfs 9.676542^ 
The diff. between it and next greater 326o;i26i.ooo(o^.387 
Anfwcr25* 24'.387s=25*24' 23" 13'". 

Example 3. Given the Log-fecant 10.2041 174 to find the Arc 
The Log-foca/it of 5 1^ 19' is next Icfs 10.2041091 
The diff. between it and next greater . . i579J83.oooo(o'.0526 
Anfwer 51* i9'.0526=:5i^ 49' 3" 9'*. 

Example 4, GTiven the Log. Co-fine 9.9994206 to find the Arc 
The Iiog. Co-fine of 2® 58' is next lefs 9.9994.176 
The diff. between it and next greater .... 65)30.oooo(o^46I5 
Anfwer 2^ 57'-5385«a' 5/ 32^ 19'"- 

Note^ Here the ©'.46 15 is to befubtrajfted from the 2^ 58' 
firll found. 

Example 5. Given the Nat. Co-fine 3 15474 to find the Arc. 
The Nar. Co-fine of 88* 12' is next lef s 3 14 108 
The diff. between it and next greater 2907)i366.QOOo(o.'4699 
Anfwer 88^ ii'.53=:88* 11' 31'r 48'". 



CHAP. VL 

The Cafes of rigMined Triangles^ folved by 
Logarithms. 



J N this and the next Chapter ie 
it to be obfenrcd, that when 
we lay the Sine, Tangent, 
&^. we mean the logarithmic 
Sine, Tangent, &r. at ibund by 
the Table. ' 

Prop. I. Having the ai^tes^ and 
,^ fide, to find eitber of the 
ctterjldes. 



Add the Logarithm of the gi. 
Ten fide to the Sine of the angle 
oppofed to the fide required, and 
from the fum fubtrad the fine of 
the angle oppofed to the given 
fide, the remainder will be the 
Ix^ritbm of the fide required. . 

Exofffle: In the Triangle 
BCE ^g. a. hsLYiog the angle 

C£B 
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OfRigbuHned Triangksl 



tieAffOi^. (SB jc deg. s^mh. 
BCE iSdeg. 4mm. and the fide 
BE rp7^3 ; to find tlie fide C£. 

pg^ijdp Sine of 51 <fc^- 5^ 'WW. 
Ji.ipi2tf49 Sam 

p 78^988^ Sineof jSip^. j^mjrn. 
^2.4012740 Lpg. of 25i.p278lbr C £ req 

Or yoa may add the comple« 
ment of the Sine of thie angle op- 
pofcd to the given fide, to m two 
other logarithmij theiu^i (abating 
Radiot) it the V>jgarithm of the 
fide reoQired, at ihcwn in Prop, 
in. Chffp. III. And it it to be 
obrenredy that the complementi of 
the Sinct in the Table are to be 
fovun^ 10 die columnt of the Co- 
fec^nei: for (paffing oyer the 
irft unit) the Co-lecantt of the 
fiipe arct, are tlie complementi 
c^r the fame Sinet. 

E^jmple. The Sine , of 3 J ii*?. 
A mn. beings p.ySppSSo, the Co- 
fecast of 38 deg. 4^9* it ro.ir- 
ooiaOt which omitting the firll 
wt) it the comple«ient of the 
f«id Sine. 

txiiooTtoCa of Sine of l^d^* .4inin. 

2.2P5I27I Log. of IP7| 

9 '^961^69 Sine of /I Mg, 5tf mhi. 
3^^12760 Log. of 251.P278, at before 



Bot if one fide and the anglet 
of a rigbc-angled Triangle be 
known, and you would have the 
other fide, tit in the former Ex- 
ample^ the operation will be cafier, 

thu; 

Add the Tangent of the 9ngle 
oppoftteto the fide required, to 
t^ Logarithm of the given fide, 
the Turn (abating RadiutJ it the 
Logarithm of the fide required. 

laiotf 14SP Tangent of 51 fkg, 56 mtn. 
iJp5>27i L og, of W7J 
240127^^ Log. of ?5^Pf 7t as before 
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Prop. II. Haviugtwofida^ and 
an angle oppffite t0 one of tbem 1 
to find the other two anglet^ and 
the third Jide. 

Add the Sine of the angle gi- 
ven, to the Logarithm of the fide 
adjoining that angle, and from 
the fum fubtradt the Logarithm 
of the fide op|M)fed to that angle, 
the ronainder fliall be the Sine 
of the angle oppofite to the ad« 
joining fide. 

ExanMe: In the Triangle 
ABC, Fig. 2. having the fide 
AC 8ooj BC 320, and the angle 
ABC 128 deg» 4mh. to find the 
angietBAC ACB, and the «de AB. 

^8^1 3 d> the Sine of i2Sie;^. 4 min. 
_l>5o5'50o Log, of 320« 
i2.4oi28d> Sum 
a.po^opoo L og, of 800. 
P4^'^ Sine of i8d^^. aim. for BAG 

Having BAC and ABC, the 
angle ACB it their complement to 
180 dig. viM. 33 deg. 35 wan. and 
yoa may find the fide AB by the 
firft Propofition. 

Prop. ni. Having twojides^ and 
the angle between them i to find 
the other two atiglet, and the 
third ^de. 

If the angle included be a right- 
angle, add the Radiut to the Lo- 
garithm of the lefler fide, and 
from the fum fubtradt the Loga* 
rithm of the greater fide, the re- 
mainder fliall be the Tangent of 
the angle oppofed to the lefler fide. 

Example: In the Triangle 
BCE. Fig. 2. having the fide BE 
197.3, and CE 2; 1.9 ; to find the 
anglet PCE, CBE, and the fide CB. 

12.2P51271 Rtd. added to Log. of lyj.x 
2.4012278 | Jog of 25I.p» 
9^91% f%f Tan. of 38 dig ^m. for BCE. 
Da Bu^ 
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Of 'Right4md T^rlangks. 



Bat if tbe single include4 i$ ob- 
lique s add th« Logariebm of the 
diffd^^n^e of the given fides to the 
Tangent of half (he funv of the 
angles unknown, and from the 
. fbm iubtrad the Logarithm of the 
fam of the gi^n fides, the rtmain- 
der fhall be the Tanfi:ent of the 
half of their difference* 

Exempk: In th^ TrmgU 
ABC Fig* a. having fhe §4^. AB 
56a, BC sap, and <hp apgle 
ABC 128 deg. 4 min. tp find the 
angka BAC» ACB, ?^d the (ide 
AC. 

The fiim of the eiven fides is 
88s, and the diferen<:e %^z\ 
the half fqm of th^ ?ag|^. un- 
known, is aj deg. 58 mn. 

2.38)8154 Log of 242<}iC of the fides 
^rf875402 Tang, of 25 tkg* 58 m'm. 
i^o7iisj6 Sum 

^945¥^ I/^ of 8|2 fum of dicfi4cs 

fitSjSSro Tsngent of 7 i^. 37 rftin, 

TheTe 7 dig. 37 m/9« being ad- 
ded to as deg. $8 ai/ii. the half 
fam of the angles unknown^ the 
fum is 33 deg. 3$ min. for the 
greater angle ACB ; and the fame 
7 ^g* 37 w* being fubtracted 
from as dpg. 58 mill, the remain- 



der is t8 deg, ai fijiik for .^ 
lefler a^gi|s CAB. f^ajOf^ Kbow. 
ing the angles, and two fidca, 
the third fide may be fonnd by 
the firft propofition. 

Prop. IV. Having the three jUUs i 
to find any Angle. 

Add ^he three fides together, 
and t^ke h^If the fum, and the 
differ^Qcej;. hgtwi^^ fl^c half fam 
and each fide : Then add the com- 
plements of the Logarithms of the 
half-fum, and of the difierence 
betwci^n the half fuip ^nd the fide 
oppofit^ to the 9ogl9 fought, to 
the Logarithms of the differences 
of the h)lf-fum and (he. other 
fides ; ba^f their fuip nirill be the 
Tangent of half the a^igje re« 
quired. 

Example : In th^ Triangle 
ABC, Fig. a. having the fide AB 
562, AC 8oo» and BC 320, to 
find the ^ngle ABC 

AC=8oo H=s84i ...... co. log. yjby^io^ 

ABSS552 H— AGs^i . . oa log. 8 38721^1 

BC=22o H— ABSS27P ... log., a 445^042 
lumid«2|H—BC= 52 1 .... lQ[ e.2.7i<f8;77 
yf»m^4i acH («m 20624^20 



Tang, of ^4^ sm^siislf fiiin fa} 1243 lo 
Whofe douUc 128 ^Ug. 4 mim. U cbe aiitfe 
ABC • 



CHAR vn. 

The Cafes of Spherical Triangles fohed hy Logarithms. 



THE Refolutionof Spheri* 
cal Triangles is to be 
performed by the Table 
of Sines, Tangenti and Secants, 
Which we fliall fhew by the 28 Pro- 
pofitions following, whereof 16 
are of right-angled, and ra are of 
oblique Triangles I and firft 



Of the Right^attgkd Triattgles. 

Prop. I. Having the Legs I to find 
tie HypQtenufe. 
Add the Co-Cne of one leg, to 
the Co.fine of the other leg r the 
fum (abating Radius,) is the Co- 
fine of the hypotenufe required. 

Example: 
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BiMi^: In the right^ngled 
Trkingk ACB, Fig. 3. having 
AC, 27 dig. 54M>. tod 2Ciidtg> 
JO mn. CO find Afi the hypo. 
tenu&. 

^ f9\ ipi7 Co»luie«f II 40f* !• 9><v« 
9-9^1111 Co-fine of a; ir^. 54 wm. 
PW75«^ Co-fine of JO il«jf. ooMiir. 
lor AB required. 

Prop. IL Having tie tw9 legs i 
tofindeiiier tfthe angles. 

Add the Sine of the leg next 
the angle fought^ to the Co-tan^ 
gent of the ether leg 1 the ihm 
(abating Radios,) ia theCo«tangent 
of the angU required. 

Example: In the right-angled 
Triangle ACB Fig. z. having AC 
27 deg. si nun. and BC i x deg. 
30 mi* to find the angle B AC 

p^Tdi^o/Sloeof ooxtlcgir^^- 54'"' 
io.6pi 5}74 co-tang, of opp, kg 1 1 i jow. 
lajtf 17181 Co-tang, of W.C z$i y^-l 

Prop. III. fi^/ajf tte Hypete^ 
mfe^ and one tf the angles i to 
find the ether angle. 

Add the Co-fine pf the hypote- 
nufe to the Tangent of the angle 
given ; the fym (abating Radios,) 
is theCo*tangent of the angle re- 
quired. 

E%an^le: In the right-angled 
Triangle ACB, Fig. 3. having 
the hypotenofe AQ %odeg. and 
the angle ABC 6^ deg. 22 win. to 
find the angle BAC. 

9WIS\<^ Ccvlinc of hyppt. AB ;o ieg, 
10.4241895 Tan^t of ^BC ^ deg, 22m, 
iajdi7202 Co-tai^- of BAG 2} deg. gow. 

Prop IV. Hmfingthehypotenufey 
and one ^ the angles ; te find 
the leg next tie givep angle. 

Add die Tangent of the hypo- 
tcnofe to the Co-fine of the angle 
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given ; the faoi (abating Radius^) 



is the Tangent of the leg required; 
Example : In the right-angled 
Triangle ACB, Fig. 3. having 
the hypotenufe AB 30 deg. and 
the angle ABC 69 dq;. ztmin. 
to find the leg BC. 

9'7^Um Tang-of h>T) AB 30 Ag;. 
91547018^ Co-fijM of ABC 6pdig. Z2m. 
^3084581 TaQgofl^BCiiiig.4oMi* 



Prop. V. Having the hypotmm/ep 
and one of the aisles % to find 
the leg oppofed to the gipem 
afijgle. ^ ., 

Add the Sine of the hypotenufe 
to the Sine of the angle g^iven 1 
the fum (abating RadiusJ ia the 
Sine of the leg required • 

Bxawple: Iq theright«»angled 
Triangle ACB, Ftg. 3. haying 
the hypotenufe AB y>deg. and 
the angle BAC 23 dfig. 30 min. to 
find the leg BC. 

^p8p7oo Sine of hyp. AB JO ifc^. 
9»6oo69p7 S ine of BAG 23 deg. 30 min, 
^^H^^SS^fSmc of leg BC iideg. 30 mim 

Prop. VI. Having one of the 
legs^ and the angle next it i to 
find the hypotenufe. 

Add the Co-tangent of the gi« 
ven kg9 tp the Confine of the an- 
gle given % Iho fum (abating Ra- 
dius,) is theCo-tangenc of the hy- 
potenufe required. 

Example : In the right-angled 
Triangle ACB, f^f.3-*»^^^*o 
leg AC 27 deg. 54 min. and the 
9ngle B AC 23 ^^.30 ^^» ^ 
find the hypoQemffe AB* 

10.275155} Co-cang. of leg AC 27dL 54Wfc 
p.^2;p77 Co-fine of BAC ^\deg joiw. 
10^3^5540 co-tang, of b>p. h^ 10 deg. 



Prop* 
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Prop, Vn. Baving one of the 
legs, ani tie angle next it ; to 
find the other Ug^ 

Add the Sine of the leg given 
to the Tangent of the ang^e given ; 
the fum (abating Radius,) b the 
Tangent of the leg reqaired. 

Example : In the right-angled 
Triangle ACB, Fig. 3. having 
the leg AC 27 deg. s^min. and 
the angle BAG 33 Jeg. iomin. 
to iod the leg B& 

atfToiSoy Sioc of Iq^ AC 27 deg. Si^ln. 
^3084816 Tang, of leg BC laUg, lomin. 

Prop. VIII. Having one of the 
JegSn and the angle next it i to 
find the other angle. 

Add the Co-fine of the given 
leg to the Sine of the angle gi- 
ven I the fum (abating Radius,) is 
die Co -fineof the angle required. 

Example : In the right-angled 
Triangle ACB, Fig. 3. having 
the leg BC it deg^ 30 «»'»• ^nd 
the angle ABC 69 deg. 22 min. 
to find the angle BAC. 

p.ppix^7 Co-fine oflegBC 11^. lom, 
5>.p7i2o84 Sine of ABC 6j^deg. 22 min. 



Of spherical Triangles. 



^961^1 1 co-fine of BAC 23 deg. lomin. 

Prop. IX. Having one ofihetegs^ 
and the angle oppofed unto it ; 
to find the hypotenufe. 

Add the Radius to the Sine of 
the given leg, and from the fum 
fobtraA the Sine of the angle gi- 
ven, the remainder is the Sine of 
die hypotenufe required* 

Example: In the light-angled 
Triangle ACB, Fig^ 3. having 
the leg BC II deg. 30 min. and 
the angle BAC 23 deg. 30 min. 
to find the hypotenufe AP» 



ip.2pptf55} RaA + Sine of 11 deg. jow. 
ptfootfpp7 Sine of BAC 23 deg, jomiif. 
p!SSp55?Sine of 30 deg. for AB reqd. 

Prop. X. Having one of the legs^ 
and the angle oppofed unto it $ 
to find the other l^* 

Add the Tangent of the given 
leg, totheCo-ungentofthe given 
angle i the fum (abating Radius,) 
is the Sine of the leg required. 

Example : In the right-angled 
Triangle ACB, Fig. 3. having 
the leg BC 1 1 deg, 30 mm» and 
the angle BAC 23 d^. 30 mia. 
to find the leg AC. 

^3084^2^ Tang, of leg BC II Vitf. loiar. 
io.}tfitfp8i C o^ang. ofBAC zi^^om^ 
p.tf7oitf67 Sine of 1^ AC ^7^- 54 "K. 

Prop. XI. Having one of the tegs^ 
and the angle oppofed unto it ; 
to find the other angle. 

Add the Radius to the Confine 
of the given angle, and from the 
fum fubtradt the Confine of the leg 
given ; the remainder is the Sine 
of the angle required. 

Example : In the right-angled 
Triangle ACB, Fig. 3. having the 
leg BC It deg. 30 min. and the 
angle BAC 23 deg. 30 min. to 
find the angle ABC. 

iplptf2jp77 Rad.+Co-finc of lldeg joiw. 
p>ppiip27 C o-fine of leg BC 1 1 deg. jojw. 



p^p7 12050 Sine of ABC dp de^. 12 min. 

Prop. XII. Having one if the legs^ 
ani the hypotennfe ; to find tha 
dangle next tpe given leg. 

Add the Tangent of the given 
kg, to the Co*tangent of the 
hypotenufe, the fum (abating 
Radius,) is the Cckfine of the angle 
required. 

Example i 
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Of spherical Triangles. 

Estample: In the rigbt-angled 
Triangle ACB, Fig. 3. bavihg 
the Jeg AC 27 Jeg. i4tm». and 
the l^potenaie AB 30 deg, to 
find the angle BAG. 



9^7U9^6 Tang, of 1^ AC zydeg: Si^. 
10 ii^sSoS Go-tang. of nyp. AB 30 ikg. 



. ^^24042 Co-fine of BAG 23 deg. ^om. 

Prop. XIII. ffaving one cf the 
legSy andthehypotenufe ; to find 
the angle oppofid to tie given 

Add the Radius to the Sine of 
the given leg, and from the fam 
fobtrad theSine of the hypotennfe, 
the remainder ihail be the Sine of 
the angle required. 

Exmnple: In the right-angled 
Triangle ACB, fig. 3. having 
the leg B C 11 deg. 30 nun. and 
the bypotennfe A B jo deg. to 
find the angle BAG. 

^9^99^S5'i Rad+SineBC 11 deft, lom. 
^5^p7oo Sine of hyp. AB lodeg. 

SJSooSSsi Sine of BAC 23 deg. 30m. 

Prop. XIV. Having one of the 
legs 9 and the typotennfe i to find 
the other leg. 

Add the Radbi to the Confine 
of the bypoceniife, and from the 
fam Ibbtrad the Co- fine of the 
given leg, the remainder is the 
Co-fine of the leg required. 

Example : In the right-angled 
Triangle ACfi, Pig. 3. having 
the Iqg BC 11 deg. 30 min. and 
the hypotenule A B 30 deg» to 
find Che leg AC. 

>>P3753otf ^od. + Go>(ineof AB ^odeg. 
9^11^7 CorBnc of leg BC iideg.^om. 



9*9^1179 CO-fiaeof legAC lydeg. $^m. 
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Propi XV. Having the angles s 
to find the hypotennfe. 



Add the Co-tangent of one ob- 
lique angle to the Co-tangent of 
the other oblique angle $ the fam 
(abating Radius,) h die Confine of 
hypotennfe required. 

Example : In the rightangled 
Triangle ACB, Fig 3. having 
the angle BAC 23 deg. 30 mr*., 
and the an^le ABC 6gdeg. iznuom 
to find the hypotenufe AB. 

lo.gtfitfpSi Co-tang of BAG 23 de^. jow. 
p.5758104 co-tang, of ABC 69 dig. zim. 



9*911 S^^S Co-fine of hjrp. AB jo dig. 

Prop. lK}f I. Having the angles $ 
to find either of the legs. 

Add the Radius to the Co-fioe 
of either oblique angle, and from 
the fum fubcract the Sine of the 
other oblique angle, the remainder 
Ihall be the Co-fine of the leg op- 
pofite to the anj^le, whofe Co- 
fine was taken. 

Example : In the right-angled 
Triangle ACB, Fig. 3. having, 
the angle BAC z^deg. 30 ff/ja. 
and the angle ABC 6g deg* zzmim. 
to find the leg BC. 

19*9^2^977 Rad +Co-fuie of BAC 23^ joas 
p>p7 1208-4 Sine IV ABC 69 deg. 22 min. 



9.991 1 Sp3 Co-fine of leg BC i ideg. lom. 



Of Oblique Triangles. 

Prop. XVII. Having the three 
fides to find any of the aisles. 

Add the three fides, and take 
half the fum, and the difference 
between the half fum and the fide 
oppofice to the angle fought. Then 

add 
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add ebe complements of cheSines of 
tile other fides, to the Sines of the 
half fum and of the faid diffe- 
rence I half the fixm of thefe four 
Xogarithms is^ the Confine of half 
the angle reqaired. 

BxampU: In the Triangle 
SZP, Fig. 4. having the fide ZS 
40 dig. V% jodeg. and PZ 38 I 
d0(. 30 miM. to find the angle { 
ZPS. 

PS=s7o o Compi of it^fl Sine 9^2701 41 

PZssjl 30 Compi of it^fiStne 0.205S505 

ZS=:4o oj Sloe of half fum ^833805 

SumMSl^ SincofduE ....£75oj£7P 

Ittlffuin74 15 fttm ip.p(^dd33i 

2^r:!2-5 Co-fije 15^ 47W. Pp8jjoi5 

DiC 34 151 Whofe double Jii^ 34^ is 

ZPS re^. 

Prop. XVIII. Havi9g the three 
angles 5 ufini any ofthejides. 

Lee the angles be changed into 

ildcs, taking the fopplcmen t of the 

greater; then the operation, (hall 

be the fame as in the former Pro- 

< polition. 

Prop. XIX. Having two angles^ 
and a fide eppojed to one of 
tbenti to find the fide oppofed 
to the other angle. 

Add the Sine of the fide given 
to the Sine of the angle oppoled 
to the fide required, and from the 
fum fubtradt the Sine of the angle 
oppofed to the fide giyen» the re- 
mainder fliall be the fine of the 
fide required. 

Example i In the Triangle 
S Z P, ¥ig. 4. having the anc^Ie 
SZP 130 deg. 3 «/». wfec. 
SPZji^/jf. 34ai/jy. n6fec. and 
the (ide Z S 40 dig. to find the 
fidcPS. 

4 



pSDSb^7^ Sine of fide ZS 40 i^e 
^88^pi45 Sine 9f SZP 133^ \m. itftn. 

ip.^pipSio Sum 
^7i8pp75 Sine of SPZ jiif. 344s. Sd/df. 



W7*p844 Sineof7oir£. for PSreqd. 

Prop. XX. Having two angles^ 
and a fide oppofed to one of 
them % to find thifidi between 
the angles given. 
Let a perpendicular fall from 
the angle unknown, upon it's op. 
pofite fide : Then add the Co-fine 
of the given angle next the given 
fide, to the Tangent of the given 
fitle^the fum (abating Radius,) is 
the Tangent of the firft Arc, com- 
prehended -between the given an- 
gle next the given fide, and the 
fegrocnt of the fide where the 
perpendicular falls. 

And the fecond Arccotnpre- 
hended between the fame fegmenc 
and the other angle, is to be found 
thus; Add the fine of the Arc 
found, to thcTangent of the given 
angle next the given fide, and 
from the fum fubtraft the Tan- 
gent of the other angle given, the 
remainder fliall be the Sine of the 
fecond Arc 

The fum or difference of thefe 
two Arcs will be the fide required. 
Example: In the Triangle 
SStP, Kg. 4- having thb angle 
ZPS it deg. i^ min. %6fiC. ZSP 
30 deg. tSmin. it fee. and the 
fide PZ 38 dig. 30 min. to find 
the fide S P. 

9.9304222 Co-fine ofZiPS 3 '**j-' *^' 
o.ooo6oC7Tang.<rf P2 38^ 30* 



' 9.5310274 Tang. of 3^** 7f' for PR 
__— ifi Arc 

9.748963c Sine of PR 94° 7^ 
Q7«R(;7c6T ang> ZPS of ^ i ^ j 4 • 6" 

1953753*^ Sum 
9.^60628^ T ang, of ZSP 3c® 2S' 1 2" 

9.7679 1 03 Sine of 35^52!' forSR 

id Ajo 
. Now 
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Now m thts Exaoiptc, ziSiMk% I 9.9548 £ 16 SuieorPZRd4® tV 50^ 



PR S4 *5f- T^ W«. (th* firft arc 
to SR 35 f/^»^, 52|»/ji. (chefecoad 
are) ehe fam is 70 deg. for SP re- 
paired. Bat when the perpeodi* 
cuhr fills OQt of C^ Triangle, 
the difference of the cvo arcs will 
be the fide required. 

Prop. XXI. Having two anglef^ 
ami afiii oppofin to one oftbzm ; 
Ufiud the third angle. 

Let a perpend icolar fall from 
the angle untcoown, upan it's op- 
poCce fide : Then add the Co-fine 
of the given fide to the Tangent 
of the adjacent angles the fum 
(abating Radius) is the Co*tangent 
of the firft angle to be found, com- 
prehended by the given fids and 
c}ie perpendicular. 

And the fecond angle, compra- 
hended by the perpendicular and 
the fide unknown, is to be found 
thas: 

Add the fine gf the angle 
found, to the Confine of the given 
aogk oppo£td to the giTen fide, 
aad from th^ fboa fabcradt the Co* 
fiae of cbc ockar aogle given, the 
remaittder fluUba the iae of th^ 
lecond anglt. 

Tha fnoi or diffefancc of tkefe 
two a&i^ wiU be the aagk re* 

BscmpU : In tha Triangle 
SZP, Kg. 4. hajrkig the angle 
ZVSiideg. $^min. %6fe€.ZS? 
SO dig. 2i nun. \%ft€. aad the 
fidePZ i%deg. 30 win. to find 
tlia angle SZP. 



9^9)5444 Co-fine of P£ ^(P go' 
^wJtjJ TdOig.of 2a>S 31^ 54' i6' 

^^SaiaooCo-tsng. of €t? \V 50" 
:>■ for P2R xfi angle 



9.9; 54<6t C o-fine of 2UP jo« »tf 1 ^^ 

15)u85^jl6*;3 ^um 

9.o^o4Z2Z C o fine ZPS ji*^ 54' x€* 

9'95V^* Sine ni^f ^ z^', far 

62K ad aoglc. 

Kow in this Exaaipla, addii^ 
PiTR d4 deg. 1% mm. soySr- (tte 
firft angle) to SZR ^^ieg. ^^in. 
z^fec. (the fecond angle) the fnni 
is /30 deg. 3 m'tn. x^fec. for the 
angle SZP required. Bi«t wbca 
the perpendicular falls out of the 
Triangle^ the Uifierence of the two 
angles will be cte angle required. 

Prop. XXir. Having two fides^ 
and the angle between tbem \ 
to find either of the other an^ 
gUi. 



Let a perpendiculav fall frooa 
the unknown angle opt required 
i^n it's oppolite fide : Then 
add the Co.fine Qf the given an* 
gk, to the Tangent of the given 
fide o^Kkled to the angle required, 
the fum (abating Radius) ix the 
Tangent of the firft arc, compre^ 
handed between the given angle 
and the fegmoi^t of the given fide 
where the perpendicular falls. 

And the fecond arc is the dife- 
fence of that fide, and the irit 
arc, being comprehandfd between 
^ fkxat fegment, and tha angia 
required. 

Now add the Sine of the firft 
arc, to the Tangent of tha 
given angle, and from the fum 
fubtra^ the Sine of the fecond 
arc, ^e remainder fliali be the 
Tangent of the angk required. 

Example :^ In the Triangle 
SZP, Fig. 4. having the fide Pif 
3 S i^. 30 mn. PS 70 deg. and tha 
angle ZPS31 deg. 34 win. i6fee. 
to find the angle ZSP. 
> £ Co-finn 
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9.930421a Confine of ZPS 51^34' a^' 
9.900605a Tang, of ZP 38° 30' 



9.8310274 Tang. PR 54^7'? ift arc. 



9'7489(J3oSiocof PR ^4^ 7'f 
9.7885756 Tang.of ZPS 31° 34' 26 



^9- 5375386 Sam 
9.76791 1 5 Sine of SR 55^ 52' J ad arc 

9-7^9617 * Tang, of 30° 28' 12" for 
ZSP required 

To find both the angles unknown. 



Add the complement of the 
Sine of half the fum of the given 
£des, the fine of half their diffe- 
rence, and the Co-tangent of half 
the angle given together ; the fum 
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(abating Radius) is the Tangent of 
half the difference of the ai;ig}e« 
r.equired. 

Add alfo the complement of the 
Co-fine of half the Sum of the gi- 
^ ven fides, the Co-fine of half their 
difference, and the Co«tangent 
\ of half the angle g.iven together 1 
, the Sum (abating Radius) is the 
I Tangent of half the fum of the 
!. angles required. 
■ Then add the half difference of 
the angles required, to their half 
fum, and you Will have the great- 
er angle j and fubtraft the half* 
difference from the half-fum, and 
you will have thcleffcr angle re- 
quired, the fame as in the iormer 
operation. 




AngleZPS= 
iZSP;= 



'34' 26' 



JJ4^i5 

- ^ . ^^,j~,-r 7 — >'9^33^5 

Sum io8jo]0iff. 3 1 30 Go-tang. |ZPS io.5486;52 Co-tang |ZPS 10.54863 5a ' 

i^"'?54J.5 IDiffiMJ '^^"-49''4/3o"io.o725^8i7|Tan.8o^i5'42''io.7^54i7a 



S^^f ^!*^ fttmof the angles required is . . 80^ 15' 42'' 



:I5 47 13 Half the diftirence is , ' 49 47 ;o 

The leffer angTe ZSP is as before 50 a8 12 



Prop. XXIIL Having two fidei^ 
and the angle between tbemi 
to find the third fide. 

Let a perpendicular fall from 
either of the angles unknoti^n, 
upon it's oppofite fide : Then add 
the Confine of the given angle, 
to the Tangent of the fide from 
whofe end the perpendicular is 
let fall : the fum (abating Radius) 
is the Tangent of the firft arc, 
comprehended between the angle 
given, and the fegment of the 
fide where the perpendicular iOalls. 

And the fecond arc is the diffe- 
rence of that fide and the firft 
arc, being comprehended between 
the fame fegment and the end of 
cbe fide required. 



Now add the Co-fine of the fe- 
cond arc, to the Co-fine of the 
fide from whofe end the perpen- 
dicular falleth; and from the fum 
fubtraa the Co-fine of the firft 
arc found; the remainder fliall be 
the Co-fine of the fide required. 

Example: In the Triangle 
SZP, Fig. 4. having the fide PZ 
iideg. 30 mih. PS jodeg. and the 
angle ZPS3 1 d^. 34 min. 26/ec. 
to find the fide ZS. 

9.9304222 Co-fineZPS 3 1 </ ^^m.z6f. 

9 900605^ T ang, of PZ :^U so». 



9.8;io274T augPR 54i/. yijw ift arc 



9-^9? 5444 Co-fine ofPZ ,8rf. ^om. 
9.9086444 Co4Inc of SR 35^ ^i^m. 

2d arc 

19-^021 88S Sum 

9-9 1 7933^ Co fine of PR g4rf -t^, 
9.8S42552 Co-fmc of4c^ forZS rcq. 
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Prop. XXIV. Having two Jides^ 
and the angle oppofed to one of 
them } to find the angle oppofed 
to the other fide. 

Add the Sine of the angle gi* 
Tcn, to the Sine of the fideoppoled 
^e angle required, and from the 
fum fabtra<£t the Sine of the fide 
oppofed to the angle given, the 
remainder ihall be the Sine of the 
angle required. 

Example: In the Triangle 
SZP ¥ig. 4* baring the fide PS 
70 deg. ZS 40 deg* and the angle 
SZP'i30*f. 3 min. tzfec. to find 
the angle ZPS. 

^g33pi45 Sine of SZP \\odeg, im. ufec. 
9.S0S067S Sine of ZS 40 deg. 



]^pipS20 Sum 
p.j)72p858 Sine of PS 70 deg, 

P7i8pptf2 Sine of ZPS ^id^^ z6f. rcq. 

Prop. XXV. Having two Jides, 
and the angle oppofed to one of 
themi to find the third fide. 

Let a perpendicular fall from the 
angle between the fides given, 
upon it'soppofite fide: Then add 
theCk>-fine of the angle given, to 
the Tangent of the given fide 
next that angle ; the fum (abating 
Radius) is the Tangent of the 
Jrft arc, comprehended between 
the given angle, and the fegment 
of the fide where the perpendicu- 
lar falls. 

Kow the ad arc comprehended 
between the fame fegment, and the 
end of the fide required, is to be 
found thus : Add the Co-fine of 
the firft arc, to the Co-fine of 
iht given fide oppofed to the an- 
gie given, and from the fum fuh- 
txiA the Co-fine of the other fide 
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given, the remainder (hall be the 
Co-fine of the fecond arc. 

The fum or difference of thefe 
two arcs will be the fide required.- 

Example : In the Triangle 
SZP, Fig. 4. having the fide ?Z 
l%deg. ^omin. SZ 40 deg. and 
the angle SPZ 31 deg. 34 min. 26 
fee. to find the fide PS. 

^^304222 Go-flne of SPZ ixd. i^m, 26 f^ 
p.poodo52 Tang, of PZ 38 deg. 30 min. 



^8310274 Tang ofPR34/£ ym, 10 fee. 

lit arc 



WI7P335 Co-fine of PR 34//. ym. ^ofee* 
p.8842540 Co-fine of SZ 40 deg, 

ip.8o2i87tf Sum 
P*Sp35444 Co-fine of PZ 38 deg. 30 min. 



p.po8tf4j2 Co-fine of SR ^sd. 5«'«- lofee. 

2d arc 

Now in this Example, adding 
PR S4^g' 7f min. (the firft arc) 
to SR 35 deg. 52 ^ min. (the fecon4 
arc) the fum is yodeg.hr PS 
the fide required. But when the 
perpendicular falls out of the Tri- 
angle, the difference of dhe two 
arcs will be the fide required. 

Prop. XXVI. Haviag two Jid^t^ 

and the angle oppofed to one of 
\ them i to find the angle ietweeM 

them. 

Let a perpendicular fall from 
the an^le between the fides given, 
upon it^s oppo(ite (ide ; Then add 
the Co-fine of the given fide next 
the given angle, to the Tangent 
of that angle; the fum (abating 
Radius) is the Co-tangeht of the 
firft angle to be found, compre- 
hended by the given fide next tho 
angle given, and by the ^rpei^- 
dicular. 

Now the fecond angle eom^ 
prehendcd by the. Perpendi- 
cular, and the other given fide, 

£ a '¥k 
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is tt> be fotJnd thus : Add the Co. I by the given fide, and the per 
fine of the firft anjlc found, to peodicular, 
the Tangent of the given fide next | 
the an^ic Riven, and from the 



fom fubtradt the Tangent of the 
other given fide, the remainder 
fliall be the Co-fine of the fecond 
anele to be found* 

The fom, or the diflference of 
the firft and fecond angles, Ihall 
be the angle required. 

Example : la the Triangle 
SZP, Fig. 4- having the fide P2 
Z^deg. ^om»* SZ 40 deg, and 
the an^te SPZ 31 deg. 54 min. 
26 fee. to find the angle SZP. 

p. 8p3 f 444 Co- fine of r Z } 8 Jeg 50 min. 
vy^K'TfS^ Tang, of SPZ ii4,i^ i6fic. 

5? 6821200 Gotarg. of PZR 6^. iSw. 50/ 
•— — ift arti^Jc. 

^l69ip6 Gofine of PZH 644 iSiii. sojec. 
9,90060$! Tang, of f Z 58 Mg, 30 win. 



^9'Smi^ Sum 
^9^^HS Ttag. of 5Z 40 Jeg. 

^^157213 Co-imcc£S2JL^sd'J^if^.iifec 

2d angle 

Now in' this Example, adding 
PZR 61 deg. t2 min. $ofe(. (the 
firft angle) toS2R 6t, deg. 44 mn. 
%% fee. (the fecond angle) found, 
the fum is 130^^^. 3 min. i^fec. 
for SZP the angle required. 

Prop. XXVII. Having two an. 
gliS^ and the Jide between them i 
to find either cftie other fides. 



Let a perpendicular fall from 
that angle given which is next the 
fide required, upon it'f oppofite 
fide : Then add the Co.fine of the 
given fide to the Tangent of the 
given angle oppofed to the fide 
required 1 the fum (abating Ra- 
diui) is the Co-tangent of the firft j 
•ngic to be found, comprehended jfidM*rcquirc^^^^ 



And the fecond angle it the 
difference of the firft, and the n^i- 
ven angle next the fide Ibught, 
being comprehended by the per- 
pendicular, and that fide. 

Now add the Co-fine of the 
firft angle found, to the TangenC 
of the fide ^iven, and from the 
fom fubtraa the Co-fine pf the 
fecond angle, the remainder fliall 
be the Tangent of the fide re- 
quired. 

Example: In the Triangte 
SZP, ^g. 4. having the angle 
SPZ 3x deg. 34 min. z6fec. SZP 
t$ode,e. 3 min. J%fec. and the 
fide PZ 38 deg. 30 min. to find 
the fide SZ. 

p.8p25444 Co fine of PZ 38 dej^ jowot. 
^7%%S7*i6 Tang, of SPZ|fi. 341^. z6Jee. 



p.d82i*oo Co-tang PZR 6^ i8i« ,50/ff. 
I ft angle. 



p 6169196 Co-fine of PZR 6^ i8i». i^A^. 
9.9006051 Tang, of PZ 33 deg. 30 min. 



'P-5375J48 Sum 

p.di3722i Co-fine of SZR 6sd. 44«. 22/. 
— ^ 2d an^lc 



jM>238i27 Tang, of SR j^odeg. fide rcq 

Ho find both the fides nnknown. 

Add the complement of the 
Sine of half the fum of the anglea 
given, the Sineof half their difie- 
rence, and the Tangent of half 
the given fide together 1 the fum 
(abating Radius) is the Tangent 
of half the difference of the fidea 
required. 

Add alfo the complement of the 
Confine of half the fum of the gi* 
vea angles, the Co*Jfine of half 
their difference, and the Tangent 
of half the given fide together | 
the fum (abating Radius) im the 
Tangent of half the fum of the 
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Then add the half difference 
of the fides required, to their half 
Ibio, and yoQ will have the great* 
er fide ; and fubtra^ th( l^M 
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difference from the half fam, and 
yoa will have the lefler fide requi* 
red, the fame a« jn the former 
operation. 



JL 
SZPi3o 

SPZ j^r 






Su m 161 ^7 iH 
fuiffumSo 4^ 4p 



4 «. / 

SzP 130 I 12 Coof line half {bm o.ttojnfodi'Oo.ofcs l)alframo.7ptf8)<^o 
SPZ 1 1 34 16 Sine of half diC . . .p.87pj5t7 Co-fine half dif. ^.81484^7 
Dii T^pS 2845 T««- of half P?i » 'M4py}^ Tai*. ofhalfP ZM*<opi^ 
halfS^TITaj !S*I?\?0^ ^^ . . p.428o525|Tang,of f5i^. iai5477» 
^- ^ ' Hilt the Sum of the fidea required 14 - 55 iwj;^. 



SulcPZ . . . .7- ;8 30 i««;rne sum otmtiiaef required M - 55 f;? 

hiifSffkPZ.4 > ip 15 ^Si !^^***??^!* • . 15^ ^ • 



The greater fidp 8P it ^ jode^ 

LefferfideSZia^^bcfbre. , , 40 d^ 



Prop. XXVIIL Having tw$m^ 
gles^ and the fide between tbem $ 
to find the titrd angle. 

Let a perpendicular fall from 
either of the angles giTcn, upon 
it's oppofite fide : Then add the 
Co-fine of the fide given, to the 
taof^ent of the given angle, from 
which the perpendicular does not 
fail, the fom (abiting Radiua) is 
the Co-tangent of the firft angle, 
comprehended by the given fide 
and the perpendicular. 

And the fecond angle is the 
diference of the firft, and the gi* 
yea angle that the perpendicular 
fell from, being comprehended by 
the perpendicular, and the fide 
oppoTed to the other angle given. 

Now add the Sine of the fecond 
angle, to the Confine of chat gi* 



ven angle from which the per. 
pendicolar did not fall, and from 
the fnm fubtradt the Sine of the 
firft angle found 1 the remainder 
fliall be the Go-fine of the angle 
required. 

Eif ample : In the Triangle SZP 
Fig. 4* having the angle SZP 
i%odeg. % min. rs/er. SPZ ztdig. 
iA'Wttn. 26 fee. and the fide PZ38 
deg. %omin. to find the angle PSZ. 

p.8915444 C3o-line of PZ l%ieg, 30 wrn. 
9-7^^575^ Tang, of SPZ 3 1^ 34^. z6fec. 



p.d8aiiooG04ang.ofPZR54i£ t^m.srf. 
ift an^le 



pp30ii222 Ovfine of aidir?. 34mni. z6j€c, 
99S9^A5^ Sine of SZR 6id. 44W. aa/w. 

— 2d angk. 

ip 8po2575 Sam 
p.p548i2(( Sineof PZR 6^iBg. iSir srfee. 



99lSi55^ Co-fine of PSZ ^od. 28M. re^. 



CHAP. VIIL 



Of the Table of Natural and Logarithmic Verfed-Jines. 



TH £ Natural and Logarith* 
mic Verfed-fines, in this 
edition, are truly correct- 
ed, and fet next one ano- 
ther in colurana diftindly titled 1 
the degrees throughout the Table^ 



are fet at the top, and the mi« 
nutea number'd downwards at both 
fides of each page, ouite on to 
po degrcea j fo that the Verfed- 
fine of eithorfort is readily taken 

to 
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to every mfnute of the quadrant, 
and for any inrermediate part in 
the fame manner, as in finding 
the Sine, Tana;eat, or Secant.. 

Bat fince the Verfed-fines are 
not here continued frooj 90 de? 
prees to 180 j and becaufe the 
Verfed-fine of an arc above po 
degrees may as often be wanted 
as of an arc le(s than po degrees, 
# except in fome particular cafes ; 
therefore, in Comenieafure to fup- 
ply that defcft; in the natural 
Verfcd- fines, add the Radius (= 
joooo,ooo) to the natural Sine 
of the exccfs of the arc above 90 
degrees, the fum will be the natu- 
ral Verfed-fine required; and in 
the Logarithmic Verfed-fines, add 
0.3010300 to twice the Log- fine 
of half the arc, the fum abating 
Radius (=rto.ooooooo) will be 
Ae Log. Verfed-fine required. 

Prop. L Havingtwojidesofafphe* 
ric Triangle^ with the angle be- 
tween tbem, to find the third Jide. 

Add the Log. Verfed-fine of 
the contain'd angle, and the Log. 
lines of the two fides together; 
the fum (abating twice the Radius) 
is the Logarithm of a number to 
be found, and added to the natu- 
ral Verfed-fine of the difference 
of the two given fides, the fum 
will be the natural Verfed-fine of 
the third fide fought. 

Or when the contained angle \% 
above 90 degrees, add the Log. 
Verfed-fine of it's fupplement, 
and the Loj^-fi^nes of the two fides 
together ; the fum (abating twice 
the Radius) is the Logarithm of a 
Jiumber to be found, and fubtraft- 
ed from the natural Verfed-fine 
of the fum of the two given fides, 
the remainder will be the natural 
Vcrfcd-fir.e of the third fide 
fought. 



Example !• In the Triangle 
SZP {Fig. 4.) having the fide PZ 
38 deg. 30 min, PS 70 deg. artd 
the angle ZPS iideg.^^min. 26fec. 
to find the fide ZS. 

i». 1 703^25 Log Vcr. fine ZPS iidi^.2jtf. 
p.7P4i 4ptf Log. fine of the fide PZ j8<i jow 
9-97^9^5^ Log fine of the fide PS 70 deg. 



8- 91 7W9 Log; of the number . . . ^65,96^ 
KacVeriuie dm. of fides 3 id. 30199. 1473,5^8 

Nat. Ver.fiac of fide ZS j^o deg. . . 2^19^$^ 

Example a* In the Triangle 
SZP {Fig. 4.) having the fid^ PZ 
38 deg. 30i»/«. ZS 40 deg. and 
the angle SZP 130 deg* 3 min. 
izfec. to find the fide PS. 

The angle VZP is lljc fuppk- 
mcntofSZP. 

9 5520S90 Log, Ver fine WZ?/^9d:^m. ^/. 
97911 ^96 Log. fine of fhc fide PZ 3 %d lortK 
9M0H067S Log. fineof theftdeZS ^oasg. 

p. J 5427^1 Log. of the number . . . 142^,514 
Mac Ver fine of ium of the two > c»^^ 
given fides ySdeg. 30 min. 5 ^^^^>i^^ 

Nat. Ver. fine of the fide PS 7oi. 6s79fior 

Example 3. In the Triangle 
LPN {Fig. 5.) having the fide LP 
Hdeg. 33 min. PN 84 ^j^ zjmin. 
and the angle LPN 106 deg. 4^ 
min. to find the fide LN. 

The fupplement of LPN ia 
7ideg, i^min. 

p 8523(^03 Log. Vei. fine of 73 deg, ism'tn. 
p.p98oj23 Log. fine of LP ^J^deg. 33 mm, 
9-9919591 Log. fine of PN ^i^deg. 27 mm. 

P.848351P Log. of the number . . 7052,^45 
Nat. Ver. fine LP+PN 169 deg, ipb 1^,272 

Nat. Ver. fine of LN lotf deg.\ _. . _ 
2 min. iS^rfec. the fide re;^ S "?^J«<^*^ 

This Propofition may be very 
ufeful in finding the dif^ancea of 
places on the£arth« whofe Longi- 
tudes 
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tudes and Latitudes are known ; 
the diftances of Stars, whofe de- 
clinations and right afcenfions, or 
Longitudes and Latitudes are 
known ; and confequently the 
altitudes, or common altitude of 
two Scars, or two altitudes of 
the San, and time between the 
obferirations , or difference of 
azimuth bein^ taken, the Lati 
tude of the Place may readily be 

fOQOd* 
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Prop. II. Having two angles of a 
fpheric Triangle y and the fide be- 
tween tbenty tofindtbe third angU 



Let the angles be changed into 
fides, and the fide into an angle i 
then do as in the former Propp- 
fition, and the refult will be the. 
fupplement of the third angles, 
but if one of the given angles 
exceed 90 degrees, take it'% fup- 
plcment, and the refult will bci 
the third angle* 



CHAP. IX. 

Of the Table of Difference of Latitude and Departure ^ 
or Traverfe TABLE. 



rr» HIS Tabic is in this cdi. 

I tion fo contrived, as to have 

the whole in one view, and 

the double column for 10, 

or 100 miles added to it, and is 

fo plainly titled as to want little 

or no explication.' 

The Diftances i, 3, 3, at the 
top and bottom may be accounted 
'O7 20, jO, fSc. and the 10, 100, 
ifthe minutes of Latitude and De- 
parture anfwering to the Coxixit be 
increaled in the fame proportion 1 
fo that if tbediftanceconfiih of two 
£gnificant figures, the difference 
of Latitude, and the Departure, 
» each to be taken out at twice, 
and if of three figures at thrice. 

The chief dcfign of this Table 
is for the ready and exact work, 
ing ofTravcrfes ; but it may alfo 
be applied to the folution of the 
fcvcrai Cafes of Plain Sailing. 

Prop. I. Having the Courfe and 
hifiance^ to find the difference 
of Latitude and Departure. 

Seek the Courfe on theLef t-hand 
of both pages liowiiwards, if lels 



than four points, or 4; degrees § 
or if greater, on the right hand 
upwards, and even with it in the 
double column, fign'd at the top 
and bottom with the diflance, is 
found both th)e difference of Lati- 
tude and the Departure. 

Example i. A ihipfaiIsS.S.W« 
|W. 37 miles; the difference of 
Latitude, and the Departure arc 
required. 

Find the Courfe %\ points on the 
left-hand fide of each page, and 
even with it in the double columnt 
fign'd 3, and 7, the two figures 
of the diftance, the difference of 
Latitude for 30 is 25.732, and 
for 7 is d.004$ the fum is 3 1.73(5 
for the whole, difference of Lati- 
cade J and the Departure for 30 
is 15-423, and for 7 i^ 3.599, the 
fum is 19.022 for the whole De« 
parture. 

Thus Difi. Diff. Lat. D^p. 

30 . ... 25.732. . 15.4.23 

7 (5.004... 3-5^P 

37 miles 31.736 .. rp.022 
Exam<jU 
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Of the ^raverfe Table. 



Mxampk i. A fliip faib S. E. 
49 degrees 14S milea 1 the diffe- 
rence of Latitude^ and the Depar- 
ture are required. 

Find the Courfb 49 decreet on 
the right-hand fide of each page, 
iind even with it in the doable 
columns fign'd 10^ 4) and 8, the 
difference of Latitude at 100 miles 
is 65.606, at 40 is 26.242, and 
at 8 is 5.248, the fum is 97.096 
for the whde difference of Lati- 
tude I and the Departure at 100 
miles is 75«47i> at 40 is 30.188, 
and at 8 is 6.038, the fum is 
f If. 697 for the whole Dcpar- 
lure. ThuSy 



Dif. Xa/* Depart. 
. 65,606 .. . 75-47' 

• 26*242 •• • .so.iSS 
• . 5*248 • • . • 6.Q38 

148 miles 97.096 • « • 1 1 1*697 



100 • • 

40 • • 

8 . . 



Prop. IL Having fever at C^arfes 
and DiJlaMces^ 1 9 find tbe dilffe^ 
rence of Latitude^ and tbe De^ 
partare. 

Make a Table in the foUov- 
ing manner, and put therein each 
Courfe and Diftancei then find 
the difference of Latitude, and 
Departure to each Courfe by the 
preceding, and place them in the 
proper column % the difference of 
the furas of the northing and 
fouthings. is the whole difference^ 
of Latitude 1 and the difference of 
the fums of the eaftings and weft* 
ings, is the whole Departure. 

Example, A (hip from tbe La. 
titude or 50 degrees North, faila 
according to the Courfes and Di* 
ftances fet in the Traverle Table, 
the difference of Latitude, and 
the Departure arc found at the 
bottom. 



The Traverfe TABLE. 



Coorfes 



IDiit. 



Miles 



S.S.£.i£. 

S.£. f£* 
S.by W. }W. 

S.48*W. 
N. 85^ W. 

S.40^W. 



7P 
86 

108 

X12 

70 

84 



Diff. of Lat. 



Nonb i South 



6.iot 



6.101 



69.671 

54.557 

101.687 

74.942 

64348 



iDiff. Lat. 



365.205 
6.10X 



35P'J04 



£aft 



Departure* 
Weft 



37»4« 



103.720 



Depart. ^ 



3<S.S^4 

<59-73* 
53-99+ 



2 43 -3 43 
103.720 



Tliil 
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Of the Travtrfe Tahle. 

If 

Thk j^ropofition may be ap- 
plied in the furreying of lar^e 
tracts of Land, as a ConAty, (ic 
and vas made uPe of by Mr. tfor- 
WQoi'm his meafurin^; tbediftanee 
.from Tork to Lowdm^ as th« road 
Jed him, and ob(errin«; the fere- 
ral bearinga by bia Ci^umferen- 
tor, and finding by ftfcn a Tabte 
his (eyeral differenceaof Latitade, 
and Departure*, wherc6y he ob- 
tain'd the diftancc between the 
Parallels of tendon and rork 
pretty nejir the truth,* fo long 
ago as the year 16%$^ aa nriiy be 
feen in h1a iiaman'% Prg^ice^ 
£nce reprinted far /T. Momt and 
r. PMge on ^^mer-Uilt; But \i 
thoTe Bearings had been taken by 
the limb of a modern Theodoiice^ 
and lengths all mearfiiTedy accord^ 
ing to the method i ha^re fteivrt 
in my PraSisai Smrveyi^f In^ 
fpycffi^ it is ta be btliered, that 
the diftance between the PkraHela) 
iaf London and rork woqU havd 
been had nrach truer ;. for it is^ 
alloved^ that the Needto ia not- 



4< 

rd a few ibr theirft dofiii^ ud 
the like for the intefoiediates of 
each Jine firft plotteci, whereby 
every ftafion may . be leore srtily 
placed than by any other method 
ihat I know of: The 4iftyinees ia 
thd Tabte may be Chaifta «f 6dv 
dr aOo fcety as well as mUea^ or 
«fiy other meafare, that t^ dif. 
ftreftctis of Latitode^ and Deparw 
lares, would-be had in, . 

Prop^ III. Haviifg tU diforoncn 
iif lafhnde Bui the Dip^r^re^ 
to find tie Qowfa and D{/hMc0^ 



in ail ^aces parallel, and evta* 
in final! Sorreys at Land y/tki^ 
oost and not to be t«ufted to*;; 
whereas if the Coeleftial Obftrva-* 
f ion could bedependedlnponequa^ 
to that lately taken 2X die Polar' 
Circle, I am apt to beUave, tliatf 
by aseafbrtngi^itliarftfmii^ Chain,! 
and te car4e these pvefoirlbed, fiy 
large an arc o£ the mcf idaan aai 
the diftance of the Parallela oft 
UiOm and ni'Jky tiie length^ o(i 
Ae ate ctf a degree in thefii parts 
SMghr hm rtminedv M Mar the^ 
troth, as it waa bad at the Polaxf 
CrtBe. 

Alfb in pimine Ae^Si^yeyr oi 
aComotf Ana taiotii,' the eireoit? \ 
ftacteiJuwi (tW Qonfifting of 
iMoylMuidfsdOmay h^PSixMi 



Seek the* givM- diiferf nee &t 
Mtitnde stod Departnfe taken to. 
gether ixt their eohuana^ or the 
^tutdlL nombera n>them^ and the 
Courfe u #veki therewith at the 
fide, and the diftance at the top 
and-bottom : Bet if ibtgivehdifie- 
renee of Latitdde and Departure 
etm'e bo found ^eariy, take f , f » 
^4. part> (or atiy equal multU 
lde>df them' that can be found a 
theit" the Courfe ia eyen with them 
at the itde, and fuch a part of 
rhe diftance, aa waa tnken 6f the 
difference of Latitude and Deparw 
ture^ at the topand bott^» 



Emmnpht. Giren ihe diffe- 
rence oT Latitude 59^ milea S, 
and' the Departure 68 mika W. 
the Couffft and I>iflance are xe* 
^ired« 

In the double coluihxl orer 9 
e?«n with 49 degrees at the ri^ht* 
hmdilde, ia found together the 
giyen diierence of Latitude and 
Depsftvre ^ t h ere f o re the Coorfc 
is 49 deg. S. W. and the diftan<te 
90 milea* 

Eytampte^ a^ Giyen the dilFe- 

renee t( liratitudti^ 3^^ sbiks N. 

p ■ and 
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stid tbe Demitore i8 miles £• 
the Courfc and Diftance are re- 
quired. 

Here tlie pren difference of 
LaCitadet and Departure, or any 
numbers near them, are not to 
be found together in theTable, 
therefore taking f or the doaUe 
of each, the Courfe is found to 
be iideg. N. £. and the diftance 
35 miles. 

NQte^ A table computed to 
crery mile in the diftance up to 
too miles, would more readily 
folye this example. 

Frop. IV. Having fie Departun 
and middle Latitude^ to find 
the dijference of Longitude [ac^ 
cording to tbe Metbdd mfed ty 
W. Jones, F/j|F.R.S.) 

Seek the given Departure, or 
the next lefs number, in the co- 
lumns fign'd Lat. even with the 
given middle Latitude found a- 
mong the Courfes, and at the top 
and bottom (fign'd with Dift.) is 
the difference of Longitude 
fought, which if not found di- 
re£tly at once, may be taken out 
at twice, or thrice. 

Example I. Being yefterday 
noon in the Latitude of 37^ jlY 
.N. and this day noon in 38^ 43 



N. and by the table the Depar- 
ture is found 70*92 1 £• the diffe- 
rence of Longitude is required. 
In the column fign'd Lat. under 
9, even^x^ithsS^ the middle La- 
titude, is found 7.092 r ; there* 
fore 90 miks is the difference of 
Longitude fought. 

Exan^le 2. Being yefterday 
fioon in Latitude 46^ 25' K^ and 
this day at noon in 47° SS'N. fo 
that the middle LatituA ir.47^ 



Of tbe Traverfe Table. 

N. and the Departurfe is found 
112.53 miles W. required the 
difference of Longitude \ 

In the column fign'd Lat oYef 
ro at the bottom, even with 47^ 
at die right-hand fide, is 6.8200 1 
therefore fubduding 6S.200 from 
''2*53>1^^ remainder is 44-33« 
then over 6 is 4.0920, and 40.92 
fubduded from 44.33 leases 3-4^9 
which is found over j ; wherefore 
the difference of Longitude is 165 
miles Weft. 

If the middle Latitude is not 
an even degree, but has odd mi- 
nutes, find the difference of Lon- 
gitude for the even degrees next 
lels and greater, and add a pro- 
portional part of the difference 
between the two rcfults to the 
kffer, the fum will be tbe diffe- 
rence of Longitude fought. 
• Suppoie the middle Latitude in 
the laft Exanfle had been 47^ 
20' N. dien after finding the di^ 
ference of Longitude as before 
for 47 degrees \ find it alfo for 
48 degrees, which is iGi miles, 
then \ of the difference being ad- 
dtt to the former, gives the dif- 
ference of Longitude t(S6 miles 
Weft. 

Note^ Tho' this method is not 
in all cafes near the truth, yet 
(if the miles are geographical) is 
Sufficiently near for daily praAice 
in any Voyage, as well as ttfy> 
)ind very expeditioas. 



Prop. V. Having tie Latitudes 
and Longitudes of two Places^ 
to find tbe Bearing and D\ftance. 

Seek the complement ^f the 
middle Latitude among the de- 
grees, and the difference of Lon- 
gitude in minutes among the di- 
fiances^ the Departure anfwering 
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ii feand in it's proper column 1 
tlien with the difference of Lati- 
tudeSy and Departure, find their 
Bearing (or Courfe) and diftance 
by the 3 J. 

Example. Let die ligari be 
given in the Latitude 6f 49^ 50' 
N. and 5^ ai' W. Longitude, and 
Cape Ortegat in the Latitude of 
Af ro' N. and 7^ 43' W. Lon. 
gitode, to find the Bearing and 
diftance. 



The difference of Longitude ia 
142 minutes, and inthecolumna 
lign'd Dei^ under ro, 4, and a^ 
even with '43 deg. the co-middle 
Latitude , are found 6.8200 , 
2,7280, and 1.3(540, then increa. 
fing the two former as before 
ihewn, their fum is 96.^44 miles 
W* for the Departure, and the 
Bearing, or Courfie anfwering to 
340 miles difference of Latitude, 
with 96.844 Departure is found 
about 16 dig. S. Vir and the difl* 
' ance about 35 4 Miles* 



CHAP. X. 

Of Mercatk)R*s Sailing. 

IN thb coIlei5Hoii of Tables, welhould by no means have omit^ 
ted chat moil neoeflary one of the Meridional Parts, delign'^ 
for the fervice of Navigators, ifit'sufee were not fully fupply'd 
by the Table of logarithmic tangents : As is demonftrated in 
N® 2 19 of the Pbiltfopbical Tranfaificns. It is there proved, i ft. 
That the Meridional-line, or fcale of Mercaiar^s Chart ^ is a Soile 
of the Ic^ritbm-tangents of the half complements of the Latitudes, 
2^/7, That fuch logarithnHai^ents of Mr. Briggs\ form, are a 
fcale of the differences of Ldngitu4e, upon the rumb which makea 
an angle of 51^ 38' 9'' with the Meridian. And 3^/^, That tho 
differences ofLon^tude, on differing rumbs, are to 'one another 
as the tangents of the angles of thofe rumbs with the Meridian. 

Hence it Ibllows, that the difierence of the logarithnvtangentt 
oF the half complements of the Latitudes, is ta the difference of 
Longitude a flup makes in failing on any rumb from the on^ 
Uritudc to the other^ as the tangent of 51^ 38' 9^^ (whofe Ipga^ 
rithin IS 10.10(5104 ) to the tangent of (he ^^le of the rumb* 
or courle with (he Meridian ; fo that ; 

L If two Latitudes, and the difference of Longitude b^ g^ven, 
the coutfe aod diftance are readily determined by this Rule. 

Tijce,(by help of tht; Tables^, th? difference of the Jo^nijhm- 
tang^n^ of thehalfcomp^cmeotiof thft Latitudes^ ^deeming rh< 
laft three figures to b^ a decimal frajftipa v, and add the comple-. 
pjcnt of it's logarithm to the logarijtbm of th^. difference of Lon-^ 
gitudc tsdiaged.to, miputes,^ wid the <;onn:5yit Ipg. iq.iqi5io4, 

f 2 vUe 



Digitized by 



Google 



s 



44. Of fAcrc^tof sJSaiSngi^ ^ 

toe fom (abadog radius) (hall be the log, tai^eat of the ^mrje.. 
And to the log. fecant of th^ coarfe, add the logarithm of the 
difTercnce of Latttade reduced to minute^, the fum (abating radius ) 
fhall be the loj^rithm of the diftance in minutes. 

Example. Given the IJzard to be in Latitude 49* 55' North, 
Barbaddes in 13^ 10^, North, and thdr dif&rence- of Longitude 
5i^ 00% or 3 180 minute Weft, to find the courie and dii&ncCi. 



i 0>-lat.|i 



ltarhaio€ii^^ 2s\* L.taii. 9.8995084 Ja.'i^^otDitkfBAi.^oz^'ji 

[Uaard 10 g| . ^ L»t> n«9«s6ze477 Conft. log. 10.1015104 

Diffi S372-^ 1<*S co-log. > • - 6>4720}46 

iog. tang. oftheCourfi 49* S^ ^^' S#Mth-\pcft . , 10.0759721 

Log. fee. of the Courfc 4? ^Q Jo .* . . . . ,10,1918067 

Log. of 2205 min. difif. of the Latitudes •••..;•••»••. t.t4.tAo86 
Log. of 3429.37s diftance of BartaJdestsoaah^Liz^d 3*S35'>$S 

II. If two Latitudes and the Courie be given, the difference of 
Longitude is obtained with the lame eafe ; For as the tangent of 5 1*> 
3 8' 9" is to the tangent of the cour fe, fo is (he difference of the loga- 
lithm-fangcnts of the half cooiplemenxa.of theLatitude% tothe 
cliflfetence of Longitude fought. Wherefore to the complement 
of theconftant Log. lo. 10 15104, add the Log. of the difference 
of the logarlthm-tangerits of the half complements of the Latitudes, 
and the log-tangent of the courfc, the fuiu (abating radius) .will be 
the Log, of the difference of Longitude in minutes.^ 

Examplt. Given the Latitudes 49^ 55'- and 13* ip% and Courfc 
49® S9^ ^ o*** to fiwd the difference of Longitude. 

Lat 13® 10' it*s f co-lat 38^ 25' • . Ltan 9.8993082 

lAC*4i9 55 . .20 2I .. . X.tan,9.> ;6<ox'y-Q >,conft.log%9.8984896 

D^ 3372.<J05... itfslog. 3-S»79654 

Log-tang, of the G)urfc A9^ ^9' icf\. 10.07^072^ 

l<og. of}iSomiA.s=s53 dcg.fordi£ofLoogirude ....... 3.5024271 

By this Rule, having two good obfervations of the Latitude and 
the Courfe duly fteer^d, the reckoning of a fliip^s way is bcft at 
certain'd, cfpccially if you fail near the Meridian. 

IfL If the Latitude departed from, the Courfe (leered, and di- 
ftance failed be given, to find the ihip'^s Latitude, and difference of 
Longitude. 

Firft, theLatitude is obtainM from the confideration that the di- 
ftance is to the difference of Latitude," as radius to the co-fine of 
the Courfe, which is common to Plain Sailing. Therefore to the 
log. of the diftance add the Jog. co-fine of the Courie, the fum 
(abating radius) is the Jog. of the difference of Latitudes, which 
difference added to the IciTcr Lltitude, or fubrraftcd from the 

greater. 
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gitater, the fiim or remainder is the prefent Latimde % theft' ho^ 
ipim;tfae twoLadtudes, and tl^Coorfe, the difference of Longitude 
isiwnd by the 2d« 

Example. HtviAg faii'd from the U%atd in Latitude 49* 5^ 
North on a Courfe 49*59^ W South-wefterly 3429*378 miles: 
'tis required in, what Lon^tude and Latitude the fliip is found. 

Log.of3429,3;8thediftance failM •,,..... .^.f 312155 

Ix>g.ca.fine of 49* 59' i^*^ the Courfe 9,808 rg^jt 

Ijo^ of 2205 W^ V 3^^ 45' ^^^^ ^ the Lf titudes 3434^40^^ 
Now iiibtracting 36? ^5' from 49® 55V the rohiaifider 13^ 10' M. 
It the Latitude the Ship is found io« . ^ • 

By which Latitude now known, the diffisrcoce of logarithm^ 
tangents will be found 3372^605 and the further protelit in noshing 
differit^ frop the fecondRule, whereby the difference of Longt« 
tudc will be found 53* 00'. 

Thus the dead reckoning by the Loe-line, and daily account of 
a ihip's way is duly kept, and the trowle very little more than by 
^laiD-£uIing. 

Thefe are all the Cafes that occur in praftice } the reft, that are 
moftly Ijpcculative, are either qifily reducible to thefe, or elfe not 
to be perfbrmM by logarithms^ and therefore come not at prefene 
pnder our cognizance. 

But *tis to ^ noted, that both the complements of the Latitudes 
arc to be eftimated froio the Tame Pole of the World j which 
may be frpm cither : 'and therefore if 6ne Latitude be North, 
and the other South, to have their complements, you mufl: add 
90 degrees to one of them, and fubtradfc the other from 90, and 
then the operaflon y9il\ be the lame as in the preceding Cafes. 

Example. Given St. J ago one of the Cape de Verde Iflands, to 
be in the latitude of 14? 56' North ; and the Ifland St. Helena^ 
in Latitude 15' 45* South, and their difFercncc ot Longitude 
36* |2'Eaft, to find the courfe and diftance. 

^P I^CSt 3f<V iz^itl ...L. tan. 10.11449^5 L.i8i2inin j.2sSrj3z 
y^'^iScfllrtaf 37 7f..^L.tan. 9 8790845 Conft. log. 10.1015104 

a354-iao it*sco-l<^. 6^6z^\tv^ 
L^-caiig.ofdieCcnrie44^ n' Sj' South-c^ft » . . . 9-9878400 

Log. fee of the Gourie 44 11 5} • • t • • • • « 10.1445200 

Log. of 1841 nia diff. of the Latitudes • . ^.26505^8 

Log. of 25^7.875 difference of ScHcfoM from St. J0g9 i 34^9573* 
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Or if it be thoughc eaQer^ when one Latitude is Nbrth^ and 
the other Souths you may add 90 d^rees to each of them, the fum 
of thelogarithm-tangents of their h^ves (abating twice the radius) 
will be the fame as the difference of the logarithm-tangents of tl^ 
former. For an example take the fanae Latitudes as in the preoe- 

ITicn oo'»+ ^ »♦"* J^'^K J^ ^rt half ^ f"^ *f.- : . L tan. 10.11449^5 
inenyo T ^ j, 45—^05 45 S ^ 5* fi|> ^>L. ten. 10.1209155 

The Cmt (abtciiig twice thfe ndias) e^al to the fonder difoence » . a jU-iao 

Alio when both Latitudes are of the Stme name, (that is both 
North, or both Sooth) you may add 90 degrees to each of them* 
the difference of the lo^rithm*tangents of half thefe funu will be 
the £ime as of the logarithm-tangents Of half the complements of 
tho(e Latitudes. 
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LOGARITHMS, 

THEIR 

Invention and Ufe. 



The ^Wth Chapter of that excellent Treatife of Algebra j 
written by the late Reverend and Learned Dr. John 
Wallis^ Savilian Trofefor of Geometry in the Univer/ity 
tf/Oxford, and Fellow of the Royal Society in LonSon. 

Logarithms were firft of all invented and contriv'd ^with- 
out the Example of any before him, that I know of) hy 
yohn Neper y Baron of Merchijton in Scotland ; and by him 
iirft publifli'd at Edenhurghy in the year 1614; and foon 
after by himfclf with the affittance of Hifiry Briggs^ Profcffbr of 
Geometry, (firft at LofJdon in Grefbam-ColUge^ and afterwards at 
Oxford) reduced to a better Form, and pcrlcdted. 

The Invention was greedily embrdc'd (and dcfcrvedly) by 
the Learned in the Mathematics. 

Mn BriggSy upon the firft publicjltion of it, was fo pkas'd with 
it, that he prclcntly rcpair'd into Scotland^ to conlult the Au- 
thor, advife with hi m^ and be aififtant to him, in the perfecting 
of it, and in calcalating Tables for it ^ which was a Work of 
great labour and fubtilty. 

And it was quickly taken and promoted abroad by Ber/jamin 

Vrfwut^ y^l^n Kepler y Adrian Ulacq^ ^P$tru3 Crugerus^ and othtr^'. 

And at home by Henry Gellibrandy who complcatcd and pub- 

liih'd the Trigonometria Britatwica^ which Mr. Briggs had begun, 

and far carried on, but dying left imperfe£k. 

So that, in a fhort time, it became generally known, and greatly 
cfiecmM in all Parts, asof unfpeakable Advantage ^ efpeciaily for 
eaie and expedition in Trigommutricai Calculations. 

b The 
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% Dr. Wallis of Logarithms^ 

The Foundation of it is this : ^ 

If to a Rank of continual Froportionald in a geometrical Pro* 
grcffion from i j 

as I. 2. 4. 8. 16. 3a. 64. &e. 

We accommodate a Rank of Exponents in an arithmetical 
Progrcflion, from o\ 

as o. I. a. 3- 4- 5- ^- €?^* 
It IS manifeft, that for every multiplication or diviHon of 
thofe Terms one by another, there may be an anfwerable addicioo 
or fubdudion of the ExpoiiCnts. 

For, as in the Terms, 4 multiplitd by 8 makes 32 j fo in 
the Exponents, if to 2 we add 3, it makes 5 ; and as 32 divided 
by 8, gives 4 ; fo if from 5 we fubdud 3, there remains 2: And 
fo CYcry where. 

Terms !• 2. 4. 8. 16. 32. 64. 

E^fouefits o. I. 2. 3. 4. 5. 6. 
4x8=32. ^% =4. 

Attd the fame holds, if between any two of thofe Terms, wc 
intcrpofe one or more Means proportional ; and between their 
Exponents, as many arithmetical Means. 

As if between 4 and 8 (or between 2 and 16 ) wc intcrpofe a 
Mean proportional V 3^> that is 41/2; and between 2 and 3 
(or I and 4) an arithmetical Mean, 2^ j* then as 4 %^ 2 multi- 
plied by 8 makes 321/2, a Mean proportional between 32 and 
64 ; fo adding their Exponents ^\ and 3, makes 5^ an arith- 
metical Mean between 5 and 6 : And fo every where. 
And univerfally, whatlbever be the Values of r and ^; fuppofing 
^c Terms J i. r. rr. rrr. r*. r\ r^. t9c. 
Exponents^ o. e. ae. 3^. 4^ je. 6e. ^c. ' 
> Tbcny as rrxrK=r^y and rry/rxrrr.=r^^ri 
/a 2e+3e.=sej and ajie + 3* r= f^e: 

And fo every where, whether the Number e be pofitivc or nega- 
tive, that is, whether the Logarithm proceeds by increafe or dc- 
creafe : And confequcntjy whatfoever Mean proportional wc 
interpofc between thofe Terms ; if we alfo interpofc between 
their Exponents, a like arithmetical Mean, as that is a proporti- 
onal Mean ; as if that be the firft or fecond of two Means propor- 
tional, this accordingly the firft or fecond of two Means arith- 
metical ; if that the fecond of five Means proportional, this the 
fecond of as mamr arithmetical Means, &c» Tnen every addition 
or fubdu6tion of thefe one with another, will anfwer to a like 
multiplication or divifion of thofe. And 
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And if for o, ^, u^ 3^, &c. (talcing ^=1) wc put o, i, 1, 
3, &c then doth this Exponent always give us the Number ot 
ratiooa or dimenflons in the Term to which it belongs ; 

I. r. rr. r'. l•^ r'. r*. B^. 

o. I. 1. 3. 4. J. 6. ^c. 

As 3 in r% 6 in f^, and fo every where; or Ihews, Htm many 
fddfquam mukipUcataJ the Proportion (for Inftancc) of r^ to i, 
is of rto I ; that is, how many rati(xia or proportions of r to i^ 
arc compounded in r^ to i, to wit, 6. To which the Name 
Lfi^aritbmus fitly anfwers ; that isy Ai>«f ipiBiiif the JSamher of 
Proportions fo compounded. 

Now this Foundation being laid, their defign in the Loga- 
rithms is this : Having felefled ( as moft convenient) a Rank of 
coQtinaai Froportiopals, in a decuple Progrcffion; to wit, 

I. 10. 100. 1000, lOOOO, lOOCOO. lopoooo, G?r. 

They fit hereunto, as their Exponents in <^f/li&w//Vii/ ^re^^rf^w, 

0. I. a. 3* 4. 5* <5, iSc 

(Confcquently, the Logarithm of any Fra&ion lefs than i, 
is to be a negative Number.) And then, for each of the Num- 
bers interpos'd between i and 10, as 2, 3, 4, ijc. between 10 
and 100, ^s 1 1, 1 a, 1 3, &^* and fo of the reft ; they feck out (be- 
tween o and J , between 1 and a, iBc) an Exponent (to be ex- 
pre&d in decimal Parts) which is fuch a Mean arithmetical, as 
the other id a Me^ proportional. 

And thefe Exponents they call LogaritbmSy which are artificial 
Numbers, fo anfwering tp (he natural Numbers, as that thp 
addition and fubdu&ion of thefe, anfwer to the multiplicatioa 
and djvjfion of the natural Numbers. 

B)r this means, (the Tables being once made) the work of 
multiplication and divilion is perform^ by addition and fub- 
doftion ; and coniequtotly that of fquaring and cubing, by 
dapiatino and triplation ; and that of extra£(:ing the Square 
and Cube Root, by bifedign and trifedion} and the like iq 
higher Powers. 

Ol thcic Logarithms we have printed Tables, for all Number^ 
ai far as offi bi^ndred thoufand : Sp that, if gny two Numbers 
(not exceeding 100,000) be proposed to be multiplied or di- 
vided one by the other, the Logarithms of thole Numbers (to 
be tbund in thofe printed Tables) being accordingly added or 
fubdudcd, will give the Logarithm of that natural Number (to 

b a be 
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4 Dr. Wallis of LogaritbmSy 

be fooDd alio in thole Tables) mrfaich is the ProdnA or Qaotieot of 
fuch multiplication or divifion ] and the double or treble of 
fuch Logarithm, is the Logarithm of it's Square or Cube j and 
the half, or third part of it, is the Logarithm of it s Square or 
Cube Root; and the like of higher Powers^ which in large 
Numbers, is matter of great Expedition, 

And (becaufe a main End ot their Defign, was to facilitate 
aftronomical and other trigonometrical Gilcolations) bciides 
the Logarithms for Numbers in their natural Ofder, we have 
alfo Tables of artificial or logarithmical SiM^s^ Tangem^y and 
Secants ; the addition and fubduAion of which, anfwers to the 
multiplication and diviiion pf the natural Simsy TangfntSy and 
Secanfs ; which is a very compendious Advantage tor expe- 
diting fuch Calculations; and is not lefs accurate than the 
operatioq by Tables of natural SineSy TangentSy and Secants. 

C Thus in a plain Triangle; fuppofing 

^ the Angles given, A 6o degrees, B 30 

degree^, (and confequently, G 70 de- 
grees) and the Side AB 31323 paces; 
for finding the Sides AC, or BC, we 
a/6o :^^B k^Vc this Proportion : 

JU2J 

At the Sine of C, 70 degrees, — =9306926 
to the Sine of B, 50 degrees,— =7600444 

fo is the Side AB, — - = ^^1323 paces. 

to the Side AC, ■ ■ ■ = ^SSiS^P^^^* 

For fiadtng which, we are to multiply 7660444 by 31323, 
and then to divide the Produdl by 9396926; which gives for 
the Side AC almoft ^SS3S P^^^» 





31323 paces. 
to the Side BC, = 28867 i P^^^^^ 

For finding which we are to multiply 8660254 by 31323, 
and to divide the Product by 9396926, which gives tor the 
Side BC, 28867 y paces, proxime. 

Now (to prevent thcfc tedious multiplications and divifions) 
y Logarithms, we proceed thus ; 

L^«:. Sine C, 70 degrees— 9.97^98^8 ory At. Co. 0.0270142 
L -^ ine 1.-, 30 dcjj;reci5+ 9.S842UO 9.8842 UO 

{ ;-. Aii^Num 31323+ 4495^633 4495803 j 

i.. .CNjm. 25335=4.4071315 ^-4.4071315 

Where 
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Whoc fobdoding tbc firft Logarithm from the Sum of the fc- 
cond aad third, (or adding the arithmetical Complement of the 
firft Logarithm to the fecond and third, fubduding the Radius) 
eiVes the fourth j which (the Table tells us) anfwers to the Num- 
Dcr 2jS3Sf/^^ ' So many pata therefore is the Side AC. Again, 

Log. SineC, 70 degrees, — 95)729858 or^ Ar. 00.0.0270142 

Log. Sine A, 60 degrees, + 9-93735^ 9-93753^ 

Log. AR Num. 31323 + 449.;8633 44958633 

Log. BC Num. 28867^ == 4,4604081 ^4.4604081 

Where cither fubduding, or adding, as in the former, gives the 
iourth; which anfwers to the Number 288675 proximi: So many 
pacts therefore is the Side BC which operations are much more 
expeditious, than multiplying and dividing fuch large Numbers. 

And in like manner, in fpherical Triangles, fave that there all 
the Logarithms are to be taken out of the Tables oiSims^ Tan-- 
pms and Sicasts'y which, in this Example, are taken partly 
&om thence, and partly from the Table of Numbers , but the 
Expedition is alike in both. 

This was firft publilh*d by the Lord Neper (the firft Invents of 
them) in theycar 1614, under the Title of AdirijScus Logarithmorum 
Canooy with it's Defcription and Ufe ; but refcrvi^g the manner 
ofconftru&ion, and it'sdemonftration, to be after publilhM; this 
being but an ^^J let forth, to fee the Judgment of learned Men 
concerning this Pefign, and how it was like to be recei/id. 

In this, we have a Canon or Table of natural and, logarith** 
mical SwiSy for each degree and minute of the Quadrant. 

And whereas it was at his choice to give to what Number he 
pleasM the Logarithm o, ^nd whether to proceed by way of in- 
creafe or decreafe, he chofe to make o tne Logarithm of the 
whole Sine looooooo, that fo the multiplication or divilion by 
the whole Sine ( frequent in trigonometrical C^culation) might 
be difpatcb'd without trouble, requiring here but the addition 
or fubdudion of o. 

And becaufe the Ufe of the Sines and Numbers, lefs than 
the Radius or whole Sine, were likelv to be of more frequent 
ufe, than of Tangents, Secants, ana other Numbers greater 
than the Radius^ he chofe to give to thofe lefler Numbers affir- 
mative Logarithms (increafiog the Logarithms from o, as the 
Sbes decreafe) which he calls jibuudantes ; and conlequently 
the negative Logarithms ( which be calls Defe&ives) to greater 
Numbers; defigning thofe by +, thcfe by — . 

And by this means, he dire<5b how this Table of Sims (with 
the Differences there infcrtcd) may fervc alfo for a Tabic of 

Tapgents 
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Tangents and o^ Secants ; So that this Canon, is a compleat Canon 
of natural SineSj and oi' hgaritbmical Sinesy fangentSy and Secants : 
He ihews alfo how this Table msLY be applied to the iK^arithms 
of abfolute Numbers, but becaufe with fome trouble, he refervca 
the fuller account hereof to a iarther Trcatifc. 

In the year 1619^ the Lord Ntper being then dead, the fame 
was again publifb'd by his Son Robert Ntper \ with fome pofi- 
humous Treatifes of his Father, concerning the Gonftruftion of 
this io|arithmical Canon, and his defign (after communication 
bad with Mr. Briggs) of changing the foun of Lc^arithms, 
makbg o to be the Logarithm or i, (of which he had before 
given notice in the Pre^ce to his Rahdologiay publilh'd in the 
year 1617;) and concerning fome things pertaining toTrigo-? 
noractry ; with fome Lucubrations of Mr. Briggs's on the fame 
Subjed. 

But the Lord Neper being dead, the whole Work was devolved 
en Mr. BriggSj who (according to their joint advice^ making 
the Logarithm of i to be o, and of 10, loc, 1000, isc to be 
I9 ^9 3> £^^- which he calls Indices y or CharaOeriJiickSy and which 
we may repute as integer Numbers, with fourteen ciphers an- 
nexed, whicn we may repute as fo many places of decimal Frac- 
&ion5, below the place of Units, or of the CharaderiiVick : And 
between thefe he fits the intermediate Logarithms for the in- 
termediate Numbers. 

And confequent to the Logarithm of i being o, the Logarithms 
of Fra&ions lefs than i,or of Numbers intermediate between i 
and o, muft be negative Numbers, or Numbers lefs than o^ 
(which he calls defedive Logarithms) denoted by— (the Note 
of Negation) prefixed. 

Now theie defeAive Logarithms may be two ways exprefs'd ; 
cither fo as that the Note of Negation ihall affed the whole 
Logarithm, or fo as to affc6t onlv the Charadteriftick, leaving 
the reft of the Logarithm to be uncierftood as affirmative. 

As for Example, The Fradion J, or (which is equivalent^ 
0.375 : This Fradion fuppofeth the Numerator 3 to be divided 
by the Denominator 8, which in Loga- 
rithms is to be performed by fubtrading Log. 3. 0.47712 13 
the Logarithm of 8, from that of 3, and Log. 8> 0.9030900 

the Remainder will be the Logarithm of Log. T-"~o*4^ip6t>7 
\y which will then be the negative Num« 
ber,— 04259687. 

Or thus ^ for as much as the Logarithm of 375, (fuppofing 
it to be an integer Number) is a.3740313; and the dcprefling 
this to the firU| fecond, third, or farther place of decimal 
Fradions, doth (without altering the Figures) divide the Value 

by 
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by 10, ICO, iQoOy ^c. whjich in Logarithms is done by fub- 
trafting i, a, 3, &c. from |thc Charadkcriftick, or place of Inte- 
gers; I, \SykSc. in that place, 

being the Logarithms of 10, 100, Log* of 3750 is 3.5740313 
locx), Qc. fuch Alteration of the Log. 375 M74<^3'3 
Value ( the Figures remaining ) is Log. 37.5 15740313 
done by only altering the Charade- Log. ^.y^ 0:374^3*3 
riflick of the Logarithm, without Log. 0.375 £.5740313 
viryiflg the other Figures^ ia this Log. 0.0375 015740313 
maimer; where the mark— is put over to difiinguilh it from the 
former. 

Which two Forms, tho' they feem dii&rent, and fome may 
rather choofe the one, fome the other ; or in fome cafes the 
one, aod in fome cafes the other ; yet they are in Subftance or 
Valfic the fame : 

For — « .0000000 

+05740313 
is =—0.4259687; 

And every one is left to his liberty, whether of the two ways 
(or what other equivalent thereunto) he ihall pleafe to ufe. 

Iq this method Mr. BriggSj hath calculated a Table of Loga« 
rithms, (publiih'd in the year 1624) for 20 Chiliads of abfo* 
lute Nombers, from i to 20,000; and again for 10 more from 
^,000 to 100,000, and one Chiliad fupcmuniierary, to wit, 
^m ioo,cibo to 101,000; that is 31 Cniliads in all; be&re 
^hich is prefixed, a lar^e account of the Nature and Conftru&ioa 
of this logaritbmical Canon» and the Ufes thereof; with Di- 
reftion how to fupply the intermediate Chiliads, which are here 
wantbg : The whole intitlcd, Jrithmetica Logaritbmica. 

The fame was again pubiifh'd in 1628, by Adrian Vlacq (or 
%*,) with a Sup|3lement (as Mr. Briggs had diredked) of the 
Chiliads before omitted; thatds, in all, of 100 Chiliads, with 
one fupemumerary; but in fliorter Number, extended but to 
10 places, beiides that of the Integers, or the Chara&eriilick : And 
he fobjoins al/b a logaritbmical Canon of SineSy Tangents^ and 
^ants for degrees and minutes of the Quadrant to as many 
places. 

Mr. Briggs proceeded to calculate a trigonometrical Canon 
logarithmical, fuited to that of the Logarithms for abfolute 
Nombcrs, extending (as in that pther) to 14 places, befidesthe 
Charaderifllck : And having before calculated a Table of no-' 
tural SineSy Tangents and Secants for degrees and centefmes of 
degrees in Numbers extending to 15 plapes, he fitted there- 
lUitoa CiiQon oi logarithmical Sines txid Tangents (omitting the 

\ Secants^ 
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Secants as lefs needful ; ) and a Treatife prefix'd^ codcernmg 
the Conftra£tion thereof^ with other things pertinent thereunto; 
and intended a farther Treatife concerning th^ Ufe of it. 

But dying before this laft was finifh'd^ or the reft publifliM^ 
Mr. Hf/rrj^Gr/Z/^r^^^fuppUed this latter, and publifhM ttie whole, 
with the Title of Trigontmetria ^ritannicay in the year 1633 : 
To which is fubjoin'd another Canon of logaritbmical Si»is and 
Tang$msy by Aatian Vlacq^ for degrees, minutes, and tenth fc- 
conds, extending (as his fbrmer did) to 10 places, befidcs the 
C^araAeriftick) and Mn Briggs'$ 10 Chiliads tor Logarithms of 
abiblute Numbers 

So that the whole Dodrine of Logarithms was by this time 
fofficientiy perfcAed, with convenient Canons ot Tables fitted 
thereunto, in large Numbers; of which alfo Citrus CfBgnus 
gives an account in the Preface to his Trigonometria Logaritbmica^ 
printed in the year 1634; with his logarichmical Tables, but 
in ihortcr Numbers. 

And the Tables of Logarithms above mentioned, (for 100 Chi- 
liads of abfolute Numbers, and for Sines and Tangents to de- 
grees and ccntcfmcs) were the fame year 1633* contraftcd into 
a Icffer Form, and more manageable (bat m morter Nambers, 
the former not extending to above 7 places, befidcs the Chara- 
dterifticJc, but the latter to 10) by Natbauiel Roe\ with Dircftions 
for the Ufe of them in Trigonometry, Geometry, Aftrbnomj, 
Geography, and Navigation, by Edmund fVingatn. . 

In the mean time, Benjamin Urjinus did alio publiih Tables of 
Logarithms, in the year 161 8; and again in the year 1625^ in 
his Tfigonometfia\ and yobatmes Kepler us alfo in tne year io2.4» 
in his Cbilias Logaritbrnoram which he applies alfo to his Rudoh 
fbine Tables^ publiih^d in 1 617 : and Oauaius Bat/cbias about the 
fame time, or foon after : and Georgius Ludovicas Frcbenius^ in 
the year 1634, and perhaps feme others: But all or moft of 
them, in fliort Numbers j and conformable to the Lord Neper's 
£rft Defign: not to that Form which, upon fecoad thoughts, 
he and Mr. nrigp agreed upon as moft eligible, and which hath 
fince been received in common pradtife. 

Since which time, much hath not been added to the DoArinc 
of Logarithms ; nor was it necelTary, that Work havbg obtained 
fufficient perfcftion. 

But in cafe Logarithms, on any emergent occalion, be dcfir'J 
with greater escaotnefs, and in larger Numbers than thofe printed 
Tables do afford ; lAvMcbolas Mefcator^ in a fmall Treatife called 
Logaritbtnotecbnia^ and Mr. yames Gregory in his Exercitatrntes 
Geometfic^y both printed in the year 1668, (hew (with great 
fubtiity) how it may be efteded, in Numbers of whiCfoCver length 
tcquir'd, with much more eafe than heretofore. Thole 
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^Thde that would ice more of the Coofbudion and Ufe of 
Le^iiichms^ may confelt the fbre-roention'd Authors, efpecially 
Brtggs'sJritJbtKitka Ifigatitbmica^ and the Trigonametria Britan-- 
Mica of Briggs mAGiilibrand:, asalfo what^^f/^0 Vlacq and 
^eur Ottgirus have writ upon this Subjed:. 

Bat I ihall add, that bj Ix)garithnis may vtiy extlcdhiDufly be 
folv'd all Cafes of compound Intereft, {ExampUs o][ which follow 
the Tshles) and that known Qucftion about the continual doubling 
of ao Unit, which is fre^cntiy proposed of a Horic to be fold 
actc^ding to the nuitiber of nails fai his fhocs : For letting the 
firft nail at a vety finall price, and the fecond at double the price 
of the firft, and the third at double the price of the fecond ; and 
fo oo, condnuaHy doubling for every nail; we fliall come at la$ 
to a yailly great Sum. 

The firftdccafion of whikh Queftioh^ may be what I have cited. 
Cap. i^.of my Ofus jirithmeticum^ from Alfiphad (an AraVtck 
Writer) in his Coninmtan€s upon Tcgraisu^s Veiies : Namely^ that 
one Sf^a an buiian having &r& found out the Game ofCheJe^ and 
ihew'd it to his Prince Shebram: The King^ who was highly 
picaaVl with it, bid him ask what he would for the reWard of 
Lis Invention ; whereupon he ask'd that for the firft little fquare 
of the Chefle-board, he might have one erain of wheat given 
him ; for the fecond, two; and fo on ddubang contbiially, ac- 
cording to the number of iquares in the Cheflo>board, which 
waa 64 : And when. the King, who intended to give a very no- 
bid reward, was much difpleas'd, that he had askM fo tnfltng 
an one; Sija declared, that he would be contented with this 
fmall one : So the reward he had fixM upon, was ordered to be 
given him : But the King was greatly aftonilhM, when he fi>und 
that this would rife to fo vaft a quantity, that the whole Earth 
it ieif could not fumiih out fo much wheat : But how great the 
number of thefe grains is, may be found by doubling one conti- 
anaUy 63 tSmes, whereby we fhall get the number, which comes 
in the lail place: and then one time more vet, fubtra£Hng 1, to 
have the Sum or all ; for the double of tne iaft Term, lefs by 
one, is the Sum of all : Now this wiU be moil etpeditioufly done 
by Loearithms, and near enough totmth for this purpofe: For 
it to tSc Logaritbi^ of i, which is o, we add the LogaritMn of a 
(which is 0.301029905664 — ) multiplied by 64, the product 
1 9.26^9^97^496— ia tne Logarithm of the double ot thelallTerm, 
whicfh may be found gteatcr than 1 8446 74407 00000 00000, 
and lefs than 18446744080000000000. 
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A mbft compendious and fkdle Method 
FOR 

Conftrufting the Logarithms 

exemplified and demooflrated • 

Vtom the Nature of Numbeis^ 

without any regard to the Hyper boia: 

"^ixh a fpcedy Method for finding the Number from the 
JUgarithm given. fPbiL Tranf. N^. aid. 

By EDM. HALLETy {mw) LUD. Aft. Reg. & R.S.S. 

TH£ InventioD of Lofsrithm ia ioiUy efteem'd <me 
of the moft def ul difcoveries in tae art of Kamben. 
and accordifigly baa had an univerfal reception and 
applanfe: And the great GicmHrieians of this Age have not 
been waotiag to cultivate this fubjed with all the accuraqr and 
fnbtiky a matter of that confeqaence doth require^ and tbey 
hav6 demonftrated (everal very admirable properties of thete 
jdrt^ficial Nuwbprs^ which have rendered their conflnidioD moch 
more fadle^ than by thofe operofe methods^ at firft ua*d by 
dkif truly noble Inventor^ the Lord iV^^^ and our worthy 
Country-maui Mr. Brings. 

But tiotwithftandbg all their endeavours, I find very few of 
thofe, who make co^ant ufe of Logarithms^ to have attaio'd 
m adequate notion of them: to know how to make or exa- 
nune ^em, or to underftand the extent of the ufe of them ; 
contenting themielves with the Tables of them, as they find 
them, without daring to queilion them,* or caring to know how 
to rectify them, ihould they be found amifs; being, I fuppofe, 
under the apprebenfion of fome great difficulty tnereb : For 
the lake of lucb, the following Trad is principally intended ; 

tho' 
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tho' not widiont hopes, however, to product fomtthktg that m j 
be acceptable to the moft knowbg in diefe matterA. 

Bot tiift, it may be requifite to premiie a Definidon of Logch^ 
ritbms^ in order to render the enfiring Difcoorfe more clear ; 
the rather; bccaofe the old one, Numerorum prtfoftinfaliam ^qui 
diffir$m€s ctmus^ ftema too fcantv (o define them iiilt^ : They 
may much more properly be faid to he Numm roiiotmB #Mf0- 
nnft^Ji wherein we confider ratio as J^iantitas fui pmH$^ h^ 
ginning ftom the tatio oitquatitj^ or i to leaOj beiag affirma* 
tive, iwen the 'ratio ia incrcaiing, as of Unitv to a greater 
Number J but negative, when decreairng: Ana thefe raikmi 
wc fupjpofe to be meafiu^d by the number of ratiuniuUy oo&- 
taln'^in each. Now thefe ratittneul^g are fe to be undehtood*, 
as in a continued Scale of Proportionals, infinite in number be* 
twecQ the two terms of the ratio *y which mfimte number of 
mean Proportionals is to that infinite number of the like and 
equal ratiuvcuU between any other two terms, as the Logarithm 
of the one ra$h is to the logarithm of the other. Thus if there 
be fuppos('d between i and lO an infinite Scale of meaq Propor^ 
tionais, whole Nomber is looooo €jr./« i$^tumy between i end % 
there ihall be 3010a E^. of fuch Proportionals ; and between i and 
3 there will be 4/7^2 &c. of them ^ which Numbers therefore are 
the Logarithms of the ratimisof i to 10, i to a, and i to 3 ; and 
not (6 pipperly to be caird the Logarithms of 10, 2 and 3# 

But if inftead offuppofing the Lc^arithms composed of a num- 
ber of equal f4ti»n€ul^^ propordonal to each fii^ii)} we ihall take 
the ratio of Unity to any Number, to conlift always of the feme 
infinite number tifratt^aeu/^^ their magoitudes t|i this cafe, will 
be as their Number in the former, Wncrcfpre if between Unity 
and aoy Number f>ropos'd9 there be ta]o:n any infinity of mean 
Propordonals, the inbnitcly little augment or decrement of the 
firft of thofe means from l/oity, will be a ratiumulaj that is, the 
uonumum o^Jiuyam of the rati^ q( Unity to the iaid Number : 




be as the fluxion thereof Wherefore, if the Root of any in- 
finite Power be extraftcd out of any Number, the difftuntiola 
of the faid Root from Unity, ihall be as the Logarithm of that 
Number, So that Logarithms, thus produced, may be of aa 
many forms as you plcafe to afTume infinite Indias ot the Power 
wb<^ Root you fcek : As if the btd^ be fupposM lOOOOO i^c. 
infinitely, the Roots ftall be the Logarithms invented by the Lord 
Niper; but if the faid Index were 2301585 ^c. Mr. Briggi's Lo- 
garithms woatd immediately be produced : And if you plcafe 

c 2 to 
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to ftop ft toy oomber of figuies, and not to contbae them 00^ 
it will fuffice to aflame an ladcx of a figure or two more thaii 
your intended Logarithm is to have j as Mr. Brig^s did, who, to 
have his Logarithms true to 14 places, by condnual extradion 
of ithe Sooare Root, at laft came to have the Root of the 
14^3748^3553^8'^ Powers bat how operofe that extmiaiop 
was, will K eafily judged by whofo Ihall undertake to examine 
hi$ Calculus. 

Now, tho* the notion pf an infinite Power may feem very 
ftran^, and to thoic that know the difficultjr of the ex- 
tra&ion of the Roots of high Powers, perhaps impradicable; 
yet by the help of that admirable InveDtion qf Mr. Newton^ 
whereoy he determines the Um^j or Nua)bers prefixM to the 
members compoQng Powers (on which the Do&ripe of Sprigs 
chiefly depends) the Infinity of the hfde^f contributes tp 
render ^e expreffion much more eafy ; For if the infinite 
Po^er to be |tfol/d be ppt (after Mr, ifwtotft Method) 
1 I I , i—m , 

i^gi^+aiif^ i~6iH"ii«»-6siy ^^ (which is the 

Root when m is finite) becomes i +;^?— ^W + i?' — i?* 
+ r^?* &C. nm being infinite infinite, and confequently whatfo- 
ever is d^ded thereby vaniihing: Hence it foUows; that ~ 

multiplied into ^— faj+l?' — i?*+f?' &c. is the augment of 
she fira of our mean Proportionals between Unity and i + ^9 and 
is therefore the Logarithm of the ratio oi i to i+j ; and where- 
as the infinite Index m may be taken at pleafure, the ieveral 

Scales of Logarithms to fuch hdiasy will be as ^ or recipro- 
cally as the Indias. And if the Imdex be taken loooo ^c. as ip 
the cafe of H^pif^B Logarithms, they will befimply ?— tw+i}' 

Again, if the Logarithm of a decreafing fofio be fought, the 

I 

infinite Root of i— y, or T^t^m^ i—lq^l^q^—l^^^l^q^ 

~-^^»— ^^^ 9cc. whence the decrement of the firft of 
our infinite Number of Proportionals will be -^ into f + a f? 

+k'+4«'+3?'+«f* ^> ^^^^ therefore will be as the 

Logarithh) 
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JU)gtiiAmofdicr^//tfof Uoitytoi— ^: Batiffwhcputiooooy^. 
thcDthcfaid Logarithm will be ^+i??+j«^+i^++4^*+4^«&c. 

Heoce the terms of any ratio being a and hj q bccomca— ^ 

or tbe diffitrcQce divided by the leilcr term, when it ia an ia- 

crtaiiflg ration or ^~-. when 'tis dccregfing^ or as 2^ to a. 

Whence the Logarithm of the fame ratio may be donbly expreft'dj 
for patting x for the difference of the terms a and ^, it wilt be 

.,1. ^ , ** , ^^ . ** , P^^ . ^^ 
cither -mto7+-^j +3^4-^^-^^^^ &C. 

Bot if the M^/^ of if to ^ be luppcs'd divided into two parts, 
w. mto the ratio of a to the arithmetical Mean between the 
terns, and the ratio of the faid arithmedcal Mean to the 




die Logarithms of thole ratumts will be, by the foregoing Rule, 



1 . X . XX , x' X* , x^ 



"^-^ 



-»-^-^ +4iH-3ir-+-S5r &c. «nd 






will be the Logarithm of the ratio ofa to t, whcfe diffcrcnw is x, 
and fam z ; and this Strife coDVcrgcs twice as fwift as the former, 
aid therefore is more proper for the practice of makiog of Lo- 
garithms; which it performs with that expcditioo, that where 
xthcdifercnccisbatthe hundredth part of the fum, the firft ftcp 

— faffices to feven places of the Logarithm, and the fecond ftep 

to twelve; but if Brtggs's firft twenty Chiliads of Logarithms 
be fuppos'd made, as he has very carefully compated them, 
to foarteen places, the firft ftep alone is capable to give the 
Lo^thm of any intermediate Number true to all the places 
of thofc Tables. ^ ^. 

After the fame manner may the dinerence of the laid two 
Logarithms t)c very fitly applied to find the Lo^rithms of prime 

lumbers. 
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Numbers, htving the Logarithms of the two next Nombera abore 
and below them; for the diffirrcncc of the rmh of a to t «, 
and of i 2 to ^ is the ratio of ab^tol zZy god the half of that 
ratio is that otV ^ ^ to i z^ or of the geometrical Mean to the 
arithmetical ; and coofeqaeotly the Lo^g;arithm thereof wtli fae 
the half difference of the Logarithms at thofe ratmes^ viz, 

1 XW X* X* x^ 

•-into— H **■ ! '■' ^" i ■■ ' ■ Su. 

m %zz 4z^ 6z^ ^^ 
which is a Theorem of good difpatch to find the Lc^arithm of i z. 
But the fame is yet much more advantageoufly pertorm'd by a 
Rule deriy'd from the foregoing : and btyond which (in my 
opinion) nothing better can be nop'd : For the ratio oiab to 
\zzy or i^tf + iab^ \bb^ has the difcrence of it'd terms 
iaa—iab+\bby or the Square of i^— i*«=i^x, which in the 
prefcnt cafe of findine the Logarithms of prime Numbcre^ la 
always Unity j and calling the fum of tjie terms izz^-ai=:=yyy 
the Logarithm of the rJ/ic of^ab to ^a+^b or iz will be fiwod 

I I I I I I 

_ in + +— + + &c^ 

^ n 2a\ sy'^ if jy'* 

which converges very much fafter than any Tbwrem hitherto 
publifh'd for this purpofe. 

Here note, that— is all along applied to adapt thefe Roles to 

all forts of Logarithms. If f» be loooo &c. it may be neglec- 
ted, and you will have Neper's Logarithms, as was hmted 
betore; but if you defire jBr/^i's Logarithms, which are now 
generally received, you mpft divide your Series by 

a*30i58«lf9»9»94O4f»^84Of»799Mtf4^84,3«4io,760n,oi4W/i877.»97^3niJt 

or multiply it by the reciprocal thereof, viz. 

O434*9:44«X9.o3»5i»8i7^^"i89,i89»^.^50S,U943,970Of,805^WjWf,l44f4. 

But to (ave fo operofe a multiplication (which is more than 
all the reft of the work) it is expedient to divide this multipli- 
cator by the Powers oiz or y continually, according to the di- 
|-c6tion ol the Ibeorem^ cfpecially where x is fmall and integer, 
referying the proper quotes to be added together, when you 
have produced your Logarithm to as many figures as you deiire, 
of which method I will give a Specimen. 

If the curiofity of any Gentleman, that has leifare* would 
prompt htm to undertake to do the Ldgarithms of all prime 
Numbers under looooo to a5 or 30 figures, I dare alfiirp bim 
that the facility of this method will invite him thereto ^ nor can 
any thing more eafy be defir'd. And to encourage him, I here 

give 
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give the Logarithma of the firft prime Nombers, under ao, to 
fixty places, compoted by the accurate Mn Jbraham Sharps aa 
they were commutiicatca to me by our common Friend, Mr. 
EiicSd SftidalK 

Uaiy Aa the Logarithma of all the Primes under 11 00, have 
iince been computed by a double operation, and publiih'd by the 
(aid Mr. SJbarf in fab Gmmtry Lnprcv^d^ to 61 ptaces, together 
mth thole of all other Nombera to loc, and from 9P5^ppo to 
locooio i ifofn whence they are bferted in the 36th and 4 ibflow- 
ing pages of this Work * therefcMr the Logarithma of the 
Pnmes under 20 are here omitted. 

The next prime Number fe a3, which I will take for an ex- 
ample of the foregoing Doftrinc ; and by the firft Rulea, the 
Logarithm of the rmh of 11 to 23 will be found to be, 

cither i ' ■] ^ ^ \ } , get. 

aa ^8 3ij;>44 937004 ^ 25768160 

or— I ' 1 / I I . I o^ 

13 "^ 10^ ' 36501 ^1119354 "^32181715 ^' 

Aa tikewife diat of the rath of 23 to 24, by a like proccla^ 

cither— _-^4---J— L- + _! &c. 

a3 1058 ^ 36501 1119364 ^ 3^18^715 

or— 4..J — 1-— ^^ J- -^ &c. 

H 1152 4H7a 1327104 ' 39^13120 

^d tibia ia the refult of the Do&rine of Akrcatw^ aa ic&- 
proved by the learned Dr. ffalJis. But by the fecond S'Jbtorcm^ 

viz. — ,f.^* i.^*^. 6ocC The fame Logarithma arc obtained by 
as ^3z^ ' 5j8< ° , ^ 

fewer flepa^ to wit, 

cither^+.-^u^+ — r-7-4 rc— r- &c.. 

4j ^73373 92^640605^ 20i5&5i6i7i 875 

or —J— 1—4- ^ I ^ o- 

47"^3ii469' 1146725035"^ 3546361843241 ^^* 

Which was invented and demonftratcd in the hyocrbolick Spaces, 
analogooa to the Logarithms, by the excellent Mr. yarms Gregory 
in hia Efcerdtafiones Geometrktty and fiocc further jprofecuted by 
the afbiefaid Mr. Sp^daiU in a late Trcatifc in EniUfi^ by him 
poUiifafd on th» fabje£t : But the dcmonftration, as I conceive 
waa never till now perfected, without, the confidcration ot the 
HyftrMa>^ which, in a matter purely arithmetical, asthiaia, can- 
not fo properly be applied. But what follows, I think, I may 
more jiiftljr claim aa my own, viz. that the Logarithm of the 

^ ratio 
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ratio of the ^eometricd Me^ to the arithmetical, between ii 
and 04) or ot V 5^8 to aj^ will be found to be, 

'^*''i"^ +Tn|3^ +888215334+ ($2648^^2048 *^ 

_i , 1 I I.. -^ 

^' 1057 + 354^796579 "*" 6iS)6976i3b4b5:t»5 
All thefe (S'rr/Vj being to be multiplied into, 0.43429448 15)1 Sxc if 
you defign to make the L^aritnm of Mriggs^ ont with great 
advantage, in refped of the work, the faid 43429448 lO &c, ia 

^. . j^j'L -^ 'l^j .u : u r fl jf-.2j^j Sy three 

of that 

.^— .-, ^ , . ^ , ^ ^ /till you 

have as many figures of your Logarithm as you defire. 

As for example, the Logarithm of the geometrical Mem be- 
tween 22 and 24, is found by the Logarithms 6f 1, 3 and 1 1, to be 




3 



1 .3^1 3 1 69^1 266906129450091 7 2^(9805 
1057)43429 dccx 410874628101468143^7315886368 

in 1127249)41087 &c^ 12258521544181829460074 



I In 1117249)12258 &t.( • 6583235184376175 

i in 1117249)65832 &c.( 410882976^ 

-f id 1117249)42088 &c( > .^ . >. 29^0 

Summa 1.36172783601759287886777711225117 

Which is the liOgarithm of %S ^<^ thirty two places, and ob- 
tained by five diviiions, with very fmall divifors; all wluck b 
much lets work, than fimply multiplying thcSeriiS into the faid 
muttiplicator 43429 &c. 

Betore I pals on to the converfe of thb Problem, or to 
ihew how to find the Number appertaining to a « Lc^arithm 
alfign'd, it will be rcquifite to advertiie the Reader, that there 
is a fmall, miftake in the aforefaid Mr. yams Gregorys Vera 
J^aadratura CircuUiB Hyurbola^ publilh'd at ^adaa^ Jmw 1667, 
wl^erein he applies his Quadrature of the Hyperbola to the ma- 
king the Logarithms : In page 48, he gives the computation 
of the Lord Hepet^s Logarithm of 10, to five and twenty 
plaqes, and finds it %io^S%so^^^4p^sl^%/f>v;f%yo^ inftead o£ 
2302585090094045684017991 ; errm^ in the eighteenth %use, 
as I was aUi^d upon my own examination of the^ Numocf I 
here give you, and by comparifon thereof with the fame wrought 
by another hand, agreeing therewith to ^7 of the 60 places, 
Eieing defirous to be latisfied how this diflxrrence ardfe, I took the 
no Imall trouble of examining Mr. Gregory* s Work^ and ac 
length found, that in the infcribed Polygon of 51a fides, in the 
eighteenth figure was a o inftead of % which being rcftified, 

and 
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aad tbc gjNfeijnmr work cofreAxd.theirfixmL the rdvtt did 
agfce to n Unit with ooc Hoaxer: AiiddttslpcopofieyiiDtto 
cavil at » eadj niftaJKc m mani^g ef fb raft Naoibcti, dpc* 
cifli]r bf s hand that )m» fo wctt dcfbyd of the nwlheamtieal 
Scnoa; hot toifatw the esad cohaciJcncc of two lb rery dxC« 
feiiog ttethods of making Logidtfaina^ whidi m^:fai otfacrwife 
have bccoqitcffion'd. 

From the Logarithm given, to find what ratk if cxpf eflfea, b 
a FfoHem, that has fioc bdm ib much coniklefM as the iEbr m^r, 
bit which is iblv'd with the like eafe, and demonflratcd by a 
like pioccfS) firom the £mte general ^The^ren of Mr; Htmon : 
F« as Che Logaiithai aif the rafhoi i to i+j was pnr/d to be 

i+JF— I, and that<^the ra$hoS i tol— ^, to be i— i--^^^ ; 
fo the LogarkhsD, whkb we will fpM heace&rth caH L, bekig 

given, i+L wilt be equal to l+q\^ in the one cafe j and i— L^ 

will be eqnaJ to i— *P in the other; corf:qucntIjx+L|''* wiBbc 

cqoal to I +j, and I — L/ to i — ^; that is, accoiding to Mr. AW- 
tof/'s faidRuIc, i+«L+i«r--L*+|/»'L'+/,ni^L*+^;.^i»a* 
&c =i-f^and I— »L+5'i»*L*— i»'L'+T\«^Lr*— 7 i^«*L^ 
&c. =i--f, f» being Mf mfinite Index whacfbever ^ which is a 
full aod general Fropoiition ftom the Logarithm given to find 
tbc Number, be the Species of Logarithm what it will. But if i^ 
f^s Logarithm be given, the multiplication by m is fav'd (which 
niQltiplication is indeed no other thaft redteiag the other Specks 
tohi3)andthe«y«7ViwiIlbcmorc fimple, viz. i+L+^LL+gL^ 
+AL-+Ti^L^&c. or I --L+iLL-iL'+iM-ii-oLf&c. 
This SifieSy cfpectaffy id great nntnbcrs, converges i^ ilowly, 
that it were to be wifii'd it could be contrafted. 

If one term of the rafiOy whereof L is the Logarithm, be given, 
the other term will eafily be had by the firaie Rale : For if L 
was Neper^s Logarithm of the ratio of a the lefTer, to b the greater 
term, k would be the produ^ of into f+L-f-fLL+^JLr'&'c* 
=^+<iL++/iLL+i<iL' .&c.i bat if* was given, a wou!d be 
=*-*L-M*LL— |*L^&c. whence, by the help of tbc CW- 
liads^ the Number appercainimg to any Logarithm will be ex- 
adly had to the utaaoft extent of the fables. It you fecit rhc 
ncarcft next Logasitbm^ whether greater or k&r,. and tail it's 
Domber a if lefler, or b if greater than the given L^ and the dif^ 
fercDce thereof from the faid acareft Logariahm yoo call /;, it 
will feOow, that the Nnmbcr an^ring to the Logarithm L will 
be cither ^mtoi+Z+i/Z+i/'+.V^-fT^^^' Sto ot cite* into 
«-'+i//— |/^+.-4^^~tW>'&c. wherein as fie lcfe> the SerM 

/ d will 
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will converge the fwiften ' And if the firft aocxx) LogarithoB be 

given to tourteen places, there is rarely occaiion for the firft three 
eps of this Series to find the Number to as many places. But 
as for fiacg^s great Gtnon of icoooo LogarithmSy wmch is made 
but to ten placea, there is fcarce ever need for more than the firft 
ftep a+aly or a+mal m one cafe, or elfc *— */, or *—»*/ in 
the other, to have the Number trae to as many figures as thofe 
L0garitbmsconfi& o£ 

if future induftry ihall ever produce logarithndc Tablesto ma- 
ny more places than now we have them, the aforefaid Tbtonms 
will be of more ufe to deduce the correfpondent Numbers 
to ail the places thereof. In order to make the firft Chiliad 
ferve all uies, I was defiroos to contraft this Series^ wherein all 
the powers of / are pre&nt, into one, wherein each alternate 
power might be wanting : but found it neither fo firople or oni- 
form as the other; yet the firft ftep thereof is, I conceive, rooft 
commodious for pni^ice, and withal exa& enough tor Numbers 
cot exceedb^ fourteen places, fuch as are Mr. Briggs's large Ta*- 
ble of Logarithms; and thereiore I recommend it to common uic. 
al hi * 

It b thus: ^4"' ■ Of ^ — — --"^ ^ill be the Number anfwering 

^ I— i/ i+i/ 

to the Logarithm given, differing from the truth but by one half 
of the third ftep of the former S$rm. But that which renders it 
more eligible, is, that with equal &ciKty it ferves for Brigg^f^ or 
any other fort of Logarithms, with the only variation of writing 

i; inftcad of i, that is, ji+-.£l_and*— -^ . or ^^+| la 

^+i/ iwhich arc eafily refolv'd bto analogies, wx 

as 43429&C— I / to 434ap&c.+i / fo is a 7 to the Number 
or, as43429&c.+» I to 434as>&c.— i / fo is * J foueht. 

If more of this Smes be defir'd, it will be found as follows, 

a +7irT7'~i37+flIa/ ^^* ^ ™*y ^*^y ^ demonftratcd, by 
working put thedivifions in each ftep, and coUcAing the quotes, 
whofe lum will be found to agree with our former Sriis. 

' Thus, I hope, I have clear 'd up the Do&rine of LogarifJbmSy 
and ftewn their conftru£Uon and ufe independent from the Hyper^ 
bola^ whofe afFe&ions have hitherto been made ufe of for this pur^ 
pofe,tho'this beamatter purely^n>iti»rf/r^/,nor properly demon- 
Arable from the Principles of Geometry : Nor have I been obli^d to 
have recourfe to the method of indivifibled, or the Arichmetick of 
infinites; the whole being no other than an j^fy Corollary to Mr. 
J^to^^ general Theorem tor forming roots and powers. Eafy 
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Eafy and compendious Methods of making Loga^ 
rithmsj by Mr. Abn Sharjp, of Littlc-Horton 
near Bradford, Yorkfliire* 

TO the making of Logaritbmsy the firft thing re^nifite is 
to find the oatmrai Logarithmsof twoor threebf the 
leaft and firft prime Numbera^ viz. of a, 3 and 5, or 
rather 10, hj the reciprocal of which Briggs's (that are the ihoft 
oiefttl Logarithms) are composed. 

The Logarithm of i being o; that of ij the next prime, ia 
firft reqoir'd ; but to attempt to raiie that diredly and immedi- 
ately, would be fo very laborious and tedious a task (much more 
the greater primes) that 'tis more expedient to ufe fucb finctional 
Nombers us lie between i and a, by the multiplication whereof a, 
3 and 5 may be (iroduc'd ; of which(in the dehgn'd method^ thofc 
are moft convenient, whole numerators exceed the denominators 
only by an Unit^ fince hereby multiplication is wholly avoided* 

ihe EiUh for making the natural Logarithms of fucb improper 
jraHions^ may *bo this. 

Add an Unit to twice the aenominator, the Sum (which is tho 
Sum of the numerator and denominator) ihall be the divifor; 
and the excels of the numerator above the denominator (in this 
cafe alwavs i ) the dividend : The Powers of this iimple fra&ion, 
coroposM of this divifor and dividend muft be rais'd by a conti- 
nual xliviiion, till the Series run out to fuch a number of figures 
as are required; but becaufe none but the odd Powers are of uie 
let the ^rft quotient, and all the reft fucceflively, be divided by 
the Square of the firft divifor: The Powers thus rais'd, divide 
each itippdively by it's proper Index, /'. e. the i^ by i| the 
%^ by 3, the 3<i by 5, ^e. the fum of all thefe quotients will be 
the natural Logarithm of the fradion proposM. 

Becaufe the Logarithms of the primes a, 3 and 5, are fought, 
which are mutually fubiervicnt to the compofing each other, no 
fewer than three Sirits can (uffice; theretbre three improper 
fractions muft be chofen, with two of thefe primes in eacn» And 
tho' the fradions neareft a^ asf, -f and ^, require the greateft 
labour in railing their feveral Series \ yet from them, when com* 
pleated, the Logarithm^ of the defir'd primes are moft eafily 
deduced: For in fradions, that approach nearer i {i.e. whole 
denominators are greater) the Sertes are rais'd with lels labour, 
tho' the deducing the Logarithms of the primes therefrom be 
more intricate, and require more additions of Logarithms; but 
that being a trouble, fmall in comparifon with that of making th^ 
ttries^ thefe muft be fuppos'd more elcgible. 

d 2 ^ L The 
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il/r. SharpV Methods 



I. The Scries fcr mdcing Ac Logaridim of i; t^ »« ^+« ===5 the 
£rft divUbr, and tKc fqoare of jssaj the ^vifor for the reft. 

5 )i.boooo,oeooo»ooooo,oooocsoooooo( 

(O.100O0,C0OOO,00OOO,O0OOO,O0G0OO 

'^5)^1 • • 800,00000^00000,00000,000000 
z$)^( . ., 3>,ooooo,ooooo,ooooo,oooooo 
a5)3xf . . i,28ooo,ooooo,o«ooo,o«»o» 
i5)ia6; • . « fiAQpoooo^oooQopooooo! 

%$}ftU # M4«8Q0OO^OdODO/3OaOOO 

a5)io48f . . • • 8,19200,00000,000000, 

^5)819:^ 32768,00000^000000 

2j)52768( 1310,72000,000000 

25)f)io7if 5Ma8io,ocooott 

«f;5t4iSaC »p97i5»looodo 

tt5>4^7*5K .♦...»• 8388,^08000 
af )8}88iS©8( 335»fW5*o 



ft5i555544;*C X3>4in73 

a5)>34*i773\ •••• • 53<587i 

*5)5?^7i( "475 

Zj)Zi4ri< ' . 859 

A5>85X . — ^. . ;4i 



^ 



The 0ili?0fnrj diviM bjr itSfft &c. 

i) o,2ocoopooo9,coooo,ooooc,oocooo 

}) « • 166,66666,66666,66666,666667 

^) • • • #y^OOOO,OOCOO,OOCOO,000000 

7) , . . ♦ i«e8^7 1418,571421857145 

9) f686d68868»86888»W^889 

il) i8p6c 818,18181^x8182 

13) 6501 5,^84*1,538461 

15^ ....... . 2i84t5«^3»^55535 

17) 77,ioii7,«4-n59 

19) i,T594i,P5i^?2^ 

»0 «9«^^^5 



*3^ 

a?) 

553 
ifl 



3%7"o8; 

. 497i<^ 
. • 1S515 

^3 

atf 

. • • • . I 



The Som IS the natural Logl of i =s;0»2o>Z7 2 1^ 5 540,54082,1 9098,5K»657 

ir. The Scries ibr makbg the Logarithm of f ; twice j+i =^ the 
firft divifor, aad the iquaic ol 7=4P the diyifor fox the «»• 



7) r,0O00O,O00OO,OO00O,0O000,OD0OOC( 

(o. 14285,71418,5 7 «4M57 14»»857«4 

4>)i4&c(29T,545i8,9^043,r3« 77»8425^ 

49)a9« 5«>c( f »P4W>.« 8246,i ^6cr, ' 1197 

49)594f*c( iai42|6567«,9o20i,24O25J 

49)1 2142&C ( . 247,^0932,2224^,004903 

49)247809&c/ . . ffij'JShy^^^^fy^6iz^ 

49)5057 3 J*c (. . .10321,08797,271556 

49)io52i©ftc^ .... 210163444,842V 7 

49)2io6;4&c.r 4,29866,221271 

49)429866%C4 8772,760026 

4i^J87j278&cr I79»036j27 

493»7903^*<^-( 3,^53803 

49j365^8o3( ^ 74567 

49)745<57( i|2A 

49)i5i< 31 

The:)um is the natural Log, of ^=0.14^84,10^62,25890,46371,960949 

id Scriei nat. I^. of 4=0.20273,25540,54082,19098,900657 

sd * t=^-HS ^'4110362,25890,4637 1,960949 

5^, •••/-, • • • • • • l=^-"«57,i775^.S7i^87788,3i4755 

4rh= lit 4- 2d 2=^-34«57,3590i»7997*»<J547o,86i6o6 

5tli =: ift -f 4th . . i 35ao.549^o,)J^i443»34«^54»845^9.7<^"^3 

5*h=: 2d h 5th, or 4th x a 4='^'^95'4»7i805,59945»5O94^7*3^Ja 

6th=a 3d+ 6th 5=3-8o4Ti.89562,i 7050,18750,037967 



The MCffFtfOAv divided bvT, 3, 5,6bc 
1) o.!42S5,7i4ft8,57t42,857t44857i4 

3)-- ♦ 97»i8i72,9«347»9iof9»a*o8f5 
5) • • • «»^8998,03653,239|2,«5445p 

7 J I734.665i5,55743,034j22 

9> i7»5343^f9>3^iO«>54J 

^0 45975f7555M82384 

W 795i9a984,4«>5504 

14,04229,^56152 

• . 25284^248310 

• . . 4^1,7452(^4 
8,525539 

158S61 

a9S3 

J<5 

I 



7rh = 4th -f 7th. 



icssi.15129,25464,97022,84200^899573 

2XX« 
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XSL Tlie Serin Sot the Logarithm of ^ j twice 4+1 sp the firft 
divifcr, aadthe iqaoreof pssSi the divilor for the tefl. 



yjtjoooo o/)oo o o/yK)0 <yiooooyPOOoo<iv 

8i>57iaBfi,6935o.«7«oM9o*M7"^l 
«'Ji^35*Kf ao^'^5iJ^l*87<fe«97i74 



Si>p9075aBc/ . aj,«n74i79«7i»3»P7»« P) 



8 >5Ci i7fc^ • 

«074O»7i7«l^ . • 



3i8^j5545»ja4»!5 

• 4f«5^5tJ749^ 
• . • 5«»^^75 
.... 74.oi7!7i 

913918 

...... 11x83 



The M P0W»tdiwidei bjr i» 3, 5, 9oe. 
1) axiiiMiiiiyiiiii^iiiiiyiiiiii 

3J.. . 45f7a475t7o8i7,^i774in97f9 
3) .. • . 33S7csi7f^i»48^f»734^&i 
l) 298^7879i73^^Sfi28i68 



19) 
21) 

a5> 



M^7P7. 19907,914413 
rfp<fW4M«4»85 

• 30,2^244.582455 
•• •3»37Pt5fMJ^ 

• • • • 35^.7x8646 

}»896i77 

435» 

4PO 

6 



Theaom U tJie natuml Lop.of »g=33.iii57t4 7756t5'>io4t^7"8»i,;i475^ 

The three improper frftfttoofi^ whole deaomin^toni, I bcliei^ 
the greateft that can be found) camble of efieding this, are \f^ 
ti aad ;i ; irliichiliiU be jpitfbfd opoo for Mother fximplc. 

I. The 
and 



: Serjea for Itt=H; twice ii+i=?3J *c firft diyifor, 
d^ (qoorc of 3ls=poi the divifor for the relL 



31 / tJX O tJOfiOOOOfiOOQO^OOOQOfiOOOQOf^ 

( OjO3225,8o645fi<ia9i03225|8o6452 
96i)32&cr 5f35tf7it847a^|it75i,53J«99 
$^i;53f ^' • • 34 J»a943M9ia7t733' a8 
96i;34929«cC . . . 3^34M^4X9f4»775tf 
96<>36)469&c( • • • • 37*82202,309561 
96ij97822oto:C . • • ... 3935t^9439iJ 

96ii393569&c( 4.095416 

96i)40954!&c( 4262 



The«dtff«wmdhruMlif i.3,5.«bc. 
i) 0.03125,80645,16129,03225,806452 
3; . . . i,ii89o.6i573>40583,g45235 

I) 69,85886,51825,546626 

7) ....... . •5'9Ma345f64uo8 

9) • • 4t*0244»7OK)62 

II) .... 357»79039* 

15) 315031 

^5) i . 2U 



Ihe Sum is the natural Log, of f? zr 0.03226^92605,68785,5858^,646196 

n. The Scne? for^i/7=U; twice 04+1=49 the firft divifor, 
aod the fqaare of 49=2401 the df yilor for the re£ 

49Jiuxw»/xx>oo,OOooo/X)opQ,oocooo( Vthe§dtl powers dividedkf i, 3, y,&c. 
(0.02O4O,8i632,653o6,i2244,897p59!i)o!02O4o,8i6^2,653o6,i2244,897959 
240i)2O4&c( 84998,59752,3 1408,681 75<J!3 J • • . .'283j2,86584;io469,56o58j 
24oi;8499&c.. .. 35,40155,1 74^«43556 
24oi)354oi&c.( . . . 1474.441 »3fS95936 

243i)i4744&c4 61409,460182 

a4Qi}6i4»98±/ 25,576618 

24oi)2f5:6&c.( ^ 10652 



5) 7,08026,63492,8287 It 

7) 2io,6;444,8422'i7 

9) • • . • * ? 6823,275554 

") a,5*5>47 

13) > . 820 



the Snm is the natviral Log, of jj — 0.01041,09971,60127,56477,728853 
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aa Mr. SharpV Methods 

III. The Scries for iyV=Ji; twice 80+1 =i6i is the firftdi- 
vifor, and the fqaarc of 161=25921 the diviibr for the reft. 



161) I.OO0O0,OO0OO,0Oo6Oy0OOOO,0OO0O0( 

(0.00621,1 i8oi,24223»6oZ48,447io5 

4592i}(5ai&:c.(2596,i9tfi8,2};2j,i83845 
I592n2396i&€/ . . 9244,127 39,2200<k> 

2^592il92442ftc.r 3566j»o8itf4i 

»59iU35665&cC i#J75857 

a592'>r5gj7C ' >.>.>■■ 5; 



ThctffAf PtfCMfi divid. by r,j, 5, flee 
i)ojoo^iii 1 1 801,24223,6024^447 205 

?) 7^f7J*o^.07774»?946i5 

5) • 1848,84547,844012 

7) • • • 5094f72594S 

9) • • 15*871 

'0 5 



The Sum is the natural Log, of H =00062 1,12599,99278,5 7j(?65,5^56 
lit Series nat. Log.pt if ==a 03226,92605,68785,58583,6461 96 

od f i=o,0204i,op5)72,6ox27,j6^77,7a8853 

3d f S=o.oo62i,i259o,90278,57665,564656 

4th==ift+'2d+3d . . ..1=0.05889,15178,28191,71716,93^05 

5th=ift+2d+4th • . . i=o.i 1 1^7,17756^104,87788,314754 

6th=ift+5th f=ai4384,io362,25890y*537i,96op5o 

7th=r^th+6th i=o.20273,a5540>54oBa,i9098,ooo655 

8th=Oth+7th 1=0.34^57135902,79972,65470,861605 

pth=:8thx3 8=i.o3972,o77o8,399i7,oo4iaiJE848i7 

ioth=5th+9th . • . . 10=1.15129,25464,97022,84200,899571 

If greater exaftoefs be defir'd, more Sprits fhoald be taken : 
No fewer than four will be fufficient, if the grcateft fraiStion be 

i?; then the (jid) may be— ,the(3d)~,andthe(4th)rj;tbcnthc 

24 / *5 J9 •** 

ad+3d,thfttis,— X — «=— and r^x — X ^s=s|-,&c as in the forc^ 
/a5 39 15 80 ij 24 8 ' 

going operation^ 
Other four Scries may be, (xft)J|, (2d)^, (3d)~,and (4tb} 

22$ . 126 225 81 J 49 64 225 25 - d4 126 25 

— i", then — X ^=r-,and ~ x j^x -^=— , and 7^ x — x — == 

Z24 125 224 80' 48 63 224 24* 03 125 24 

16 J 81 16 25 9 p, , 

—, and — X — X -^=^, &c as above. 
.25' 80 15 24 8 ' 

Five Scries will be required, if the greateft ira&ion be 
^i then the (2d) may bc|, (3d) ^, (4th) i^^, and (ith) ii?; 

~ 81 100 100 121 25 « 64 126 25 16 « 81 \6 

then — X — X — X — =— , and 7- x — x — =— ,and 5- >^— x 
80 99 99 120 24* 63 u5 24 15*, 80 15 

y =1-, &c as before. 
14 8 

Six Scries will be neceflary, when the greateft fra£Uon 

(ia)'^; then (ad) may be l£, (3d) J^, (4th) ^-^, (5th)i|J,and 

f£y^\ 9^1 ^u ^^^ a^5 ^* J 8* ^co 100 lai 25 , 

(6th) — i then — x— '=-, and r- x — x — x — =-^, and 
^ ' 960' 125 224 80' 80 99 99 120 24^ 



„, ^ u? ^ 2£i=UiJ, and ?i X '1.^2^^, and i^ X ii X ?^=-|-, 

124 124 9^0 3071^ H 24 3072 15^ 15 24 80 8 ' 

/Google 



&c. as bctore. As 
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of making Logarithms. 2} 

As the divifors are aagmented, fo likewife maft the number of 
Stria. 

Nae^ In the foregoing operationa, the Logarithma of the 
producta or quotients of the fra&iona are to be found by ad- 
ding or fubtra<%ing their Logarithma* 

^^^^^^^^^^^ But this work having been already 

^"Sjgg I accomplilh'd, need not here be farther 

>p S^'Ss i^fiftcd on, the natural Logarithm 

3^)5s!jof 10 (which is half of the hy- 

berbolick Logarithm of 10) having 

been computed and confirmed by a 

triple Proof to 83 places, is found to 

be 



>0 C1QO 



so en ^ o cci 




2 

I 

5 

•I 

k 



000 
5.^ 






& 



ci ►I o 









b4 ^ ta4 



000 o 

2.0 o 



cr^o Ov 



cA -- Ov ^>o 



»; ci 



■" d cf^j-^rtrj^ 



«^>o 



Tbt reciprocal tftte natural Log. of lo 

86858,89638,o6io3,6c53o,2ai78 

ice. miUiplfd by the natural L^. of\, viz. 

0.1 1 ii7,»77i<S,i7i04>87788>3 '47ii 

0.08685,88963,80650,36^53,022578 

^S5'»?^?r»J^-^'°3655,302a58 
86,85889,63806,50365,530226 





6080,12274,66455,255871 
608,01227^6645,525587 

43141944,8190372518^8 
i.»"i3,37828,3902i9 

4342P,448i9,03a5«8 
6080,12274,664553 

86,85889;658o65 

3,47435^585513 

($9487,117104 

6080,122747 

608,012275 

69487117 

6,948711 

260577 

8686 

43 
4 



Br/K/sLog. of i= 0.09691,001 30,08056,41435,87833a 
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,ifeio,38oc^,50jP44> 
\fiy624pt^ and it's rcci* 
^•ww«»4 9,sj w w«wvjuau^>^^v|wvrjw^vwi^. wncrcbj^ Mr* Bfigtss 
Lo^ttricbms, (which arc moft aju f cnfen t for ixfe^ where theTo- 
garithm of lo is affi^'d s=si.ooooo&c} are deduced fiom che 
oataral bj muldplicattoo. For ioftaoce^ the natural Logaritlpi 
ol ^, foiiod m page 2i^ ia in page 23 icdoc'd to ^jgra^ and 
for the moft esue, in the iilcccaiea^ cw reciprocal of the aacnral 
Logarithm of 10 iamnhipl/dby ly3i4,;^(^7>S^afld9^ in 
the fame %3d pagc« 

Not onlf to confirm the former way, bat to flucw diac Bfiggs^s 
Log^thma majr be immediately nda'd with the fiunc eafeand ex- 
jicdition as t^c natural, I fhall give for an aumvk Brings Loga- 
rithm of ^ thus raifi'd^ in which it maj be obltrv^d, dkat the re- 
ciprocal of the natural Logarithm of 10 is made the firft divi- 
dend, and all the reft as dircdcd for making of natural Lc^- 
rithma, in pag^ i^. 

The Seriea fpr Briggfs Lor. of i, twice 4+1=9 the firft divifbr^ 
and the fijqare of 92^1 the divifw for the refl j as in the 
sacurak Log. of }, pageai. 

9) oJMiiJ^ApSitxi^n^txyfikdi The«tf F#c0iridiyMed bf i, j»5,lcc. 
ro4>965o^Sa^8^7j89^95D3^} 58420 i)o.o9ifo»9884M73S9^9c^3f^4M 
8[l9^c.(i i^yi4Soo,6oo9]32a58tf,46iai5 
Si)i I9iapc< M7<^.^7 if4P«r,5tf 1 449 
^014709*^- "8i^oo374^5474fSj4o 89 
SO18160&C/ .. aa^i979,W773t7^Jj84 
8K;a24i97&c.r . • %^6rX'i6l^€^i^^$% 
Si\zj6'!Si8ccjC .... 34i»TX 314*399293 



8054i7«3i*c/ 4,21868,079004 

81 4ai86So&cC 5208,247889 

8Q5«>8a47&c( ^*99357 

««>4a993J7( 7938i9 

8O795819C * 9«<» 

8ij98c)of 121 



3) . . 39r7i^oo,2oo30^862,if;738 
5) . . . . a94i9»^<^H.2993M'^P 



aj94«9iOi7oSio,^584 
9) 2,49108,88197^84820 

") Mi^25r3S.S058«7 

19) 26,2(8562,645100 

15^ •• 2Fi24,538to> 

17) -« »••• 3o6,;67523 

19) 3»584i77 

aO 37«oi 

2S) ; 4*^ 

^5) 5 



Briggs\ Log.ori=s0.0969i,ooijO|08D56,4i435;87839i 
Co. An i%Brtggs"s Lc^ of 8.=s0.903ofl^99S69,9i94j,$8f64, 121669 

What 16 here written^ is fufficient to Ihew the method, whereby 
the Logarithms of feveral of the fmall prime Numbers were noade 
by the abovefaid Mr. Sbarp^ who with mcxprcfible cart and 

Sina has computed the Logarithms ci M primes under 1 lox 
a double operation to more than 61 plaoes^ but the eafinefs 
this method may tempt feme curious Reader to examine fomc 
of them^ who will then oe better able to judge how much we arc 
indebted to this admirably induilrious Author. 

The 
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«/ making Logarithms «i 

The neitt vvork is to ihew, howBr/g^/s Logarithms of the larger 

E limes arc immediately compos'd ; tor which fevcral Rules may 
e laid dowc ; but that which is moft general and cafyy and comes 
ncaitft the former, is this : 

Rale I. Let the Namber, whole Logarithm is fought, and 
cither of the other two nambcrs next it, greater or lefs by aa 
ttoit (the Logarithm of which is eiven) be made an improper 
fradion^ to the denominator dooDled, add i, that ihall be the 
firil divifor, and theiqoarc of that muft divide the firft quotient, 
and all the reft : The dividend muft always be the reciprocal 
rfthe natural Logarithm of lO, viz. o 86858,85)638,06303,05530, 
2a578,37833,i&c. but all the reft muft be as dircded for making 
natural Lc^arithms ^ only the fum of the Series^ or Logarithm 
of the fradion, when the given number is lefs than that fought, 
muft be added to it's Logarithm ; and when greater, fubtradcd 
fiom it* Ex» gr. 

The Scries to make Briggs^sLog. of a <i j Cake 250, the next lefi, 
to make the fradion i}i, whofe Logarithm is firft fought ^ 
twice 250+1=501 the firft divifor, and the fquare of 501=5 
251 001 the divifor for the reft, as in the following operation. 



501) o.8^858,89<^;8,otf5os,tf5 530^25 7S4( 

(o-<»«7J.57i05^599,8o769,52i409 

151001^17$} 8a:. (<(9>07i85/55o;^646478 

251001M907185&C/ . . 27,51855,831266 

i5iooi)275i85f&i:^ io»9^J5*5 

i5iooi}io96;525( 



44<9. 



The odd Powers divided by i, 3, 5, fif^r. 

0^30175,57105,06599,80769,521409 

i3»oa395»i»^34'J488-t6 

5) 5,50371,166251 

7) '. .1,566218 

5 



^rigg/i Log. of 44^=0.00173,37128,09000,52976,802711 
Log. of 250=:2.59794,ooo86,72037,6o957,25222i 
Log, of 25l=:2.59967>372i4»8io38,i 3934,05495a 



Rmlg U. If two numbers, next that whofe Logarithm is fonghe 
(either one greater and the other lefs; or both greater, or both 
left} have known LtfgaritbmSy the fquare of the middle number 
iiall be the numerator of the improper fra&ion, and the produt^ 
of the other two* the denominator. 

For an ExampU^ uke 239 i it's fquare is 571 2T," and the pro- 
doft of a38 XX4P is 571 ao ; whence the fradion is f ^ ? ^i ; their 
fum ii^i id the fira diviior, and it's fquare 13051006081* the 
diTiibr tor the reft, as in the following Scries. 



li4iAi)o.S6858,89638,o6503,655Jo,2257( 

(0.00000,76031,28157,19841,086215 

1905100^081)76031^ &c(58257,ozyi59 



]grtej'iLog.of Hti ^ 

C 



The odd Ptvmi divided by 1 and 3 
1)0.00000,76031,28157,19841,086215 
l94i9 >o^9^^^ 



.00000,7605 i»28i57,^926op9526t^ 

If 
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If the Log. of the middle number be fought^ the Log, of the 
fraftion* added to the Log. of the grcateft and leaft, will be the 
Log. or the fquare of the middle number \ the half of which ia 
it's Logarithm, as in the following work. 

iff Briggj*s Leg. of 240 2.^80x1,124179! I fo5/>2293,d24459 

ad .... . Log. of 298 2.^:657,(^9570,56511,95446/^12 505 

^A (srsjR'^ id) Log, ^7 \io(prz^dKz^^) . 4-7 5<^7Mi9^7.^8i 17197740,256964 

4th Log. of Uiii o.oooo%76o^T,2>i57,^9a6o,09y26g 

5th(=;d-f.4th)Log. 5'?i2iCor239X259) . 4-7 5679>58oi8,96275^ 7000,3 5223a 
the half is ihc Log. of 259 2.37839,7900948137,68500,16^116 

If the Log. of the greateft or Icaft number be fought, fubtnid 
the Log. of the iradion from the Log. of the fauare of the raid- 
die number, the remainder (hall be the Log. of the product of the 
other two; from which fubtra6k the Log. of the known number, 
the remainder will be the Log. of the otber. 




Rule III. Find fuch a product of the number^ whofe Loga- 
rithm is fought (the favors whereof have known Logarithms) 
which fhali be greater or lefs hy an Unit than another number 
composed of fuch as have known Logvrithms^ thefe two ihall 
make the fraction, whofe Logarithm is to be diredly found, 
according to the former prelcriptions, and the Logarithm 
fought muft be thence deduced, as in the laft. 

For Exawpfcytdkc 227, which multiplied by 17 and 31, pro- 
duces iS9999i the fradion ia tff |f |, the firft divifor is 17^9^% 
«nd it's Iquare =144399240001 the divifor for the reft. 
575999>-86858?9638o650365530225784(j The orfiPcwerj divided by i,aod j^ 
(0.00C0022S5 7664462446049997 6 I 1 >.cocoo2285 76644624460499976 
144^9924^001)2285:66 &c( 1 582949077 I 3)i5S29acc.( 527649692 

Briggss Log. of \i^^ =z 0.00000^2857,66446,24988,149668 

Log of 19C000 = 5.i7875»}^oo9»5i828,96i 53,653347 

Log. of 189999 =: J.27875>i3i5^86382,7ii65,483679 

Log, of 83:(or 27X51) = ^.9^^1^Myl9m^59l^9^55^^1^1^l 

Log. of 227 =s 2.356j2,j857i,93i22»72oio,3C485^ 

This laft method rnay ordinarily be renderM as univerfalas the 
furt, ami more expeditious than the fecond ; the only difficulty 
is in finding out proper numbers. The method I commonly 
uh'd, which rarely tails, is here fubjoin'd ; as in the numbers 223 
and 2:9^ vvhich is better undcrttocd by the peribrmancc^ than 
exprdVd in words* 

223 
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ef conftruSting Logarithms. %y 

7 = is6i ( 3 = ^^9 

8o = 17840 ] 22 "== mp 

223 x^ 87 = i5>40i or 223 X / f 3 =: 2899 

|2oo ==44600 j72? = 1561 00 

2«7 =64001 (713 = 138999 

I = 229 ^ 9 =? 2061 

22 = 6870 C 6o_=: 1374Q 

229 x/ 3* = 7099 ] <59 = 1*5801 

100 = 2290c or 229 X < 800 = 183200 

131 = 29^^9 ) 869 = 199001 



J 869 = 199001 

/ 9OOO = 200 1 OOP 

9=159x71. loMo = 2260001 



287=3^1X7; 7i5=:5iX23 5 and 98^9=1 3 9X7 1- ^9869 = 22600OI 
Here two convenient fradions arc difcovcr'd, for making the 

(123 vix <^4oor__-X4iX223 I59^>Q^ -- ;oo^X5; . 

^) '64000 64000 '158999 31X23X223 

Logarithms Of < ^oooo ,,,2260001 mxi.cx2.q . 

/ 220, VIZ. ' -a a - , and ^ = — ^ 

V 29999 I31X22P 2260003 113X^00^0 

RttU IV. Raifc the number, whole Logarithm is fought, to it*a 
iqaare, cube, or greater power ; and if the number greater or Icfs 
by an unit than fuch fquarc, cube, ^c. be composed of fuch 
fa^rs, as have known Logarithms, thofc two (hall make the 
fradion, whofe Logarithm is to be found, as before. 

An ExampJe ihall be ia finding the Logarithm of 211 • 
2nX2iixziiX2ii 19S211944- . j^ ^ 5964238881, at the 
toC28X55Xii5Xi97-i9S2ii944o' ""'^ '""* ^yv/^*^««« , 
firft divifion^ auotcs the Log. of the fradioa to 29 places* 
596425888i>.86S 58896380650365 5&c(o.ooc 00,00002,19106,1 io87,78o8o,;57 J 
Add the Log. of 1982119440= 0.2Q7 1 2,98209^7 i664,54944t84244fS397 
The Sam is the Log. of 1982119441==: 9.29712,98211,90770,66032^62325,1970 
^ of which is the Log. of 211 ==: 2.32428,24552,97692,66508,15581,29921 

Raie V. Find iuch a prqduA of the number, whole Logarithm 
isCought (the greater the better) which hath two numfers next 
to it, on both or either fide, composM of fuch faftors as have 
known Logarithms ; then fquare tne middle number, that fquare 
ihall be the numerator, and the produftot the other two the de<^ 
nominator of thelra&ion, the Logarithm whereof is to be made 
according to the Rule \ but it muft be obfervM m which the fought 
number is ingredient^ for if in the numerator, the Logarithm of 
the fraction muft be added to the Logarithm of the denomina-^ 
tor; and if in the denominator, it mult be fubtra£b:d fromthet 
Logaritha: of the numerator,. 

c 1 Cmk 
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a8 Mr. SharpV Methods 

OnefihntfraaionsfoMfidfor making tb$ Logarithm ^f^jh ^*3» 
aa7, 229, ^3h ^39y HU ^3h ^S7y ^^iy ^^9» ^^ ^7i- 

£j2»s5=J4X4j, and ijiotssa^XSa; S 2j2lX2?ao 53^7^4^ 

gg^8_jjX!4X9, and 2900^29X100;$ $898X2900 8404200 

Of 227; 127X1 7«}859» i then 3^^^^?^^ -p '^^»?>^^. 

)8docs:i9}X20, and 386i=:i4jXl7 5 S 58J9X5861 1489^599 

Of 2295 229X?i«7099> I then 7^?^Xj099.,^ 5o??>5toi , 

J100CX71X100, and 7098=^42x13x15;$ 7098X7100 50J9f8oo 

• Of 15 J i 25jX45«:noi9. -^ then "Q^^Xi 1020^ ^44040, 

J i023=529Xi9X20,and 1 10213=107X10} J $ 11019X11021 12144039 

0/2395 259X4i==9;99, I then-??22^2§21te 5>^^222. 

980CC598X10C, and 9801=99X99; 5 9799X9801 9^39999 

Of 14M 24iX4i»988i, I ^u^ 9881x9881 ^ 916U161 

58826=861X18X9, and 9880=52X1900 9882X9880 9lH^i6o 

Of 2515 ajiXi3i=:3288i, ? #1,^.. 3 2880X3 288ct^roSi0944oo 

3288oB=:i3:X240,and 31879=61X49X11; 5 52879X32881 1081094359- 

Of 257 5 257X47=12079, ^ thfn ^2079X120 7 9^ '45902241 

12078=61X18X11, and 1 2080=5151X80; vj 12078X12080 i4$90224o* 

Of 265; 265X75=319199, ? ^K^ 1^200x19200^ 368640000 

J920CSS96X200, and 1 92012=5211X91; 5 ' 19199X19201 368639999' 

Of 269 ; 269Xi9X9t=45999> ? yV^ ,45999X45999^2I 1590S001 ^ 

46000=46X1000, and 4599863=211X109X2; S 45998X46000 2115908000* 

Of 271; 27iX269=72899» Z thr n , ^^^^^^*^^^^^^^^'^^^^^^ . 

7^oc=d8 1X900, and 72898=127X41X1455 72898X72900 5314264400 

The like Expedients may be foond for larger Primea. 

jinothir diffkttfit Method of making Logarithms^ derived from Dr. 
VJMWsWaJlration of Mcrcztor's Quadrature of the Hyperbola^ 
in Phil- Tranf. N*" 38. wherein the greateftfart of the Wbrk^ (viz. 
tatfing all the lowers) is performed by multiplication^ being more 
expeditious^ in raifing the tjogarithms of tkefirft frimts^ with 
thofe of many large Ofies^ thau the former by atw/ton^ and very 
Mjejul in eompofing a Table of Logarithms^ 

TT E T any three numbers in arithmetical ProgrcfBiMi be pro- 
Xj po8*d, the leaft =A^the middle =B, the greateft =E. 

It the Logarithm of any one of thefe be given, the Logarithms 
of the other two may be thas obtained, by an infinite Scries. 

L Let the firft term of the Series be C="'"£**===— g^ttsg^pr 

II. The Scries =C±iC*+tC'i:iC^+tC'+JC«+|C^±tC^ 
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of rnaktng Logarithms. ip 

m. The Somof «U the odd Powera, (was. C+iC» +K:» 

4-fC4-*C» &c asZ) w the hyperbolic Logarithm of V ^ * 

IV. The Sam ef the even Powers, (w». iC» +iC* + JC« + 
iCHiVC* ^ &c. 3=X) is the hyperbolic Logarithm of V gj^ • 

V. The Sum of all the Powers, or Z+X is the hyperbolic 

B 

Logarithm of ^' 

VI. The Difference of the odd and even Powers, or Z— Xjs 

£ 
the hyperbolic Logarithm of ^ * 

If B be equal to I, lo^ lOO, looo, loooo, &c. all the Powers 
will be rab'd b^ the maltiplication of C contbually for the hy- 




Thb Method hath this peculiar advantage above others, that 
a Series once raisM for the firft numbers in that progrcffion, will 
generally ferve for finding the Logarithms ot eight or more 
Prunes, without any more labour than addition or fubtraftion ; 
aod theitfore muft be of very great ufe in compofinff a Table, 
e(bedaUy as it is moft expeditious in making the Logarithms 
ot the toft primes, tho' not for railing every fingle Lcgartthm. 

The Logarithms of the firft primes, viz. 2, 3, J. 6cc. muft be, 
either the bypirbolic^ox the natoraly fince in all methods of raifine 
Lcgarithms, thefe firft offer themfelves ^ and from hence muft 
be dedac'd the Number 0.43429448 &c. or it's double, which 
reduces them to Briggs's: Amongft variety of expedients for 
cSedting this, the following is eafy, and capable of a competent 
exadbefs, by three Series; for fewer will not perform it without 
more labour and difficulty. 

The ift three numbers areo6=:A, ioo«=sBt and I04=E; thea 
B.-A_ioo— 96 _ 4 E— B_i04— ioe _ 4 E— A 
b 100 ioo> ^'~5 wo^ 100' E+X~ 

wbofc powers, &e, make the firft Series, 

The id axe 5>a=A, ioo=B, and io8=E; then "TT ■=--rss 
o.o8a=C, the firft term of the fecond Series. ** '°° 

The 3i arc 97i^»A, iooo=B, and ioa5=E; then--g-.= — i- 
«°0iO25sC, the firft term of the third Series. The 
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30 Mr. SharpV Methods 

The ift Scric«. The ad Series. 



c. 
o 



0.04 



Id 



C . 0.08 
C^ . .. ^4 
O .... 512 

C^ 4096 

C* 32768 

Cfi 262144 

C 2097152 

€• 16777216 

€• 134217728 

C«® 107374x824 

C' « 85*993459» 

C* 6871947673^ 

C» 5497558^8) 

tC* 439«o4^5»^ 

c* 551843721 

C'^ . 2814749' 

C»' • 2251800 

C TTTT . 0.0400000000000000000000000 |C** • • • 100144 

iO' 2i3335?3333?»J?13J33|^;!; ^^J! 

iC* 104800000000000000 jV. "^ »*)) 

4C^ . ! 23405714285714! £*' •••• — •••• ^^ i 

jC* 291271111111 C 



64 

256 

..•;••.: 1024 

> 4096 

16384 

: ^55?tf 

C^ • 262144 

C»o 104857^ 

C" 4194J04 ^ 

O* 16777";^ 

Qxt 6710886 

04 ..... i 268435 

C'* n 10737 

C«* . ; • 4*9 

O^ • i. 17 



^jC" 381300364 

yJC«' 516222 



It 



C" 



71^ 

I 



iZp=i oi}.\/ -^cs5%O4O02i}y383676g2ii9l»8990 



iC- 



C' . . . 170666666666666666666; 

|C* 6555 

|C^ 299595142857142 

^C^ 1491508088888I 

yiCt' 780905144:2: 

^JG»3 422889087 

T^O* 2345^14' 

^iC 1J24<' 

riC'^ :5 



O.OOO80OOOOOOOCOOOOOOOOOOOO 

;|^-» ^ . • . 6400000000000000000 

^C<^ 6%i6^^6666i6(i^^'i 

^C* 8191000000000 

T§C*^ * . . . 10485760000 — ^ ^ -^ — 

^jC'* 13981013 2. =o.o8oi7i32503758969i6S949»^ 

y|C*^ i9i74||C' . 0.00520000000000000000000& 

^^C'*^ 27 IjC* • • . . 10240000000000000003 

X=sloeV -*???i=3>OO380O64068?4«'^!?l664l6»rfI 3^^ 43690666666665666 

g^pfei^fcf;^^^ • ''?^;{sr8SS 

Z.X«k>g.i8J«3.05?2207i3iniSU96269«K)9'T|C^, . • • • • * • '^'574^J^^^ 

,iC'' 1759-1 

1000 






T^ 






y=JogV^Qg?§=C'^032io283 9oi46i366;352-j 
2>fX=:log.*??^o^85?8i6o8939C5i058;94:6; 
Z—Xi=log.I|&=»o,o7056io4i 15612852458^: 
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Of making Logarithms, 



3* 



c» . 
o . 
c* . 
c . 
c« . 
c» . 
c« . 
c». 

c>-- 

C" 

€!1 



c 



The 5d Series. 

. . OAZ5 

tf»J 

»5<fa5 

. . . -. ... 39o6aj 

........ ^7<5<yzj 

244140^25 

6io3Jt$tfi5 

••.... iJ»58789o<25 

• • 38i4<972<(56 

WJ<743i<5 

23841858 

'..'.. 594S046 

14901 

» . . . . J7< 



0.OZJ0O00O0O0O00O0OO0O0OO0O 

5»o833?3J33<3J?3?333 

i$>53iz;oooooooooo 

8719308035714 

♦iSSSJiJO 

4i<744a 

"47 



JC' 

iC» 

T^C" 

«nn 

ZgdogV^ff j- =aO'Q250052io2S7;^o688209oi5l 



g 



0.0003I25OCXX>0000O0O0OO?COO 

> • . ^ 9765<Ji5ooooooooooo 

\Qfi 40^9010416^^6^7 

\0 1907J4865281 

{?iC'^ 953<^7432 

iiC'» 49^70 

rtC'^ 2T 



X=log V^^t;J^^=o.QOo;i259769^959i87i947Q77 

■2rfX=dbg.i^^?c=s>o2J3i7So-9842898754<^37i3o 
Zr— Xp=iog.fSJis=53.c246926j 2590} 7 1 501C145076 



By thde three Seriei^ 
the Logarithms of all the 
primes under 29, except 11, 
and ieveral above vu may 
he made: For the Loga- 
rithm of 7 is got from 1008 
=^12X12X7, by 2d Series; 
of ij from 104=8X13, by 
ift, or from 975=75X13^ 
by 3d; of 17 from 99966=2 
7X7X12X17, by ift; of 19 
from 9975^=^25X21X19, by^ 
;d; of 23 from 92a-4X23y 
Sy 2d; otji from 992C3 
32X31, by 2d; of 41 from 
i025&=25X4i, by 3d; &c* 

The Logarithm of 1 1 is 
had fit>m a Series of 0^1, 
for 99=9X11, or from 
o.ooi,for iooi=:7Xi3Xu;- 
the Log. of 29 from a Se- 
ries of 0.00C5 for 10005$=; 
15X23XZ9; and the Log. of 
37 from o.ooi, for ^^^=i, 
27X37; &c. 



ift YUfns or the hyperbolic Lrg. of -v?=»040^iti9945>«>25 $,12955,457 71 

ad • +§18=0.07696,10411,36128,32498^12170 

3d • • • ^yfs==^.oi53^78o79>84289,8754o,37230 

4th t§J==^.o?9*2,07 1 51,5^281,29626,92009 

5dEsift -j-2d l=»-ii778»3055^f5^383f45453.S794i 

6th==;d -4-4th ff»o.o6453,852ii,j757i,i7i6;,292?9 

7ih=s5thrf-6th • T=3-i8232,i5567,93954,6262i,t7iibo 

8thc=:ift4-7th 4~3."5i4t355i3»i4*09r 55/6,62951 

9thBs=7tb+8th 1=0.40546,51081,08164,38x97,80151 

]ctfac=99Kh — 5th • • ; •. ^2:0.28768,20724,51780,92743,92190 

iirh=:^h-4-ioth 2=o.6g;i4,7i8o5,59945,3094i,7232i 

I2cb=:^h^ilth • 5c=:i.09S6i,22886,6Si09,69i 39,52452 

i5th=iithX5 8=2.07944,15416,79855,92825,16964 

I4rhc:^tli>4-i;th io.=2.30258,50929,94045,684oi,799i4^ 

14684,36420,7601 i,oj488,62877,2976o,j552-,9O096,T5726,c967 7,55248,05; the 
Reciprocal whereof \% 0.45429,4481 9,0325 i,82.765»il 289,1 S9i6,60)o8,22943t 
9/005p8os66,6j66i>i44>5^785i6,i56^ 

lihall 
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3 a Mr. Shzr^'^ Methods 

I fluU here offer one of the three Expedicnti, whereby thefc 
firft primes, together with many others, were computed to the 
cxafioefe of 82 places : which was by fix Series, from whence 
the Logarithms of thelc ten fradions were made* 

_ lOQOOOO . ,,H lOQO O— IQOOO : tfd, tQOoi(?^naXi9X47> jh jooop 

cr- ^^^ 1 gth '^^QQQ^r- '^^^^^ 1 9th !2222?=.J§2222.i twi loth 

IJX3JX19' IjIStJ I»JX17X47 ^ W75 75X31x43 

1003008^71X17X19X43 . 
1000000 "^ 1000000 

1008 y TQ08 y lOQJy— tf^X^3 * ioooU5 y loooil^ V loopooo^ <^3X^; . 
•"^ 1000 lobo 99a 12^X31^ 1000000 1000000 999998 l^axji' 

63x^3 . ^^^^^—^^8^ 1C08 ioo9 y ioooo_i^x7 * 52221? X 12222? X 
1*5X31"^ 128x31 125 1006 1000 ^99^ ^5X17 100000 5^9875 

10000^6X1^ TdXz7 ._ lfai6^i > .100000 y iooooo8^aXi7Xt9> icoo 
9975 15X17 45X17" 15x17 80^ 99975 1000000 125x31 ' "^ 

. 1^C17X1 »_ 125X125 . 125X125 ^ I^I^_ 5X125X125 . ^XT2SXl2y 

• 125X31 48X17X19 48X17X19 ' 15X17 ldXidXi6Xi9^ UXi6XidXi9 
> 10006 ,_ 21X^5X125 > Ij8^i28y 21X25X125 ^21 . 21 . 1008 

• 15X35X19 i6Xi6XidXi6 125 125 16X16X16X1^ 20* iS • 1000^ 
25: i»8j. ft^ _i6 . . 81 y 25 y I6L-9. p, • ^. r 

4 n? S"^ "^^ S^4 'l*^**^* •^ ^ '^^ former operation 

Expedients of this kind I have us'd, both for finding and 
proving the Logsirithms of all the primes lender iioo^ and 
many above it. 

To iXimpUfy tbt making ^ Briggs'j L^iantbrnt imm^aulj hy 

this Mftbod. 

Take the three numbers in the ad Series, v/r. J^=A, ioo=B, 
io8=E,then2z:^=:A==o.o8 ==€, by which multiplying the 

reciprocal of the hyperbolic Logarithn) of 10 (wa, o.434ap 
&c. =N) continually, and dividing each Power by it's ^idex, 
the loUowing Series are made* 
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Of mdku^ Li^arithm. 
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Hmce'tueWdent.aJterthe 

Ml^ UxtthMMte tkoMe de. 
-nvVl, ttta vnOt no tmtc h> 
■bourthanTrthftfiMu*: Ihwe 
iiifahrt.intfcfei«t&ct,i. .. 
iBaUq|G^.bel;trkMe the 

(aiut. 



NC*ep^474ftt.XC .... i77sf484£84l8c«ri<97- 
W«a77patcj<C .... iiajjy7U7J44<»f?3* 
MC*«s?t2228bc.kC .... i"7j88foi9767j7t>y 

JTC'sfcipMBc.xC i4aio9«ij83tx>)75 

JJC*afet4ajte.kC , . , .'. . ii|84)tf9t«(4o«« 
NC^eaif ijMte. XC ....... |9to)8i;41)ift4 

fjC * ww» ioi l >L kC ....... 7i«<A$z}$D;o 

MDteii92S^.XC , 58299CMetf44 

J^*ttjSt«bc.xC . 4tf<3'«i49A 

I*C*'a£48tf8cc.XC . . 37305^1*9 

>^'»«fet^ftB.XC «3«ii«> 

W-tatjUfeKC 1^005 

^{P'^^^''^' '''''''' --'^^^^^^^^ 

*^" ««l««fc:.xC »» H*«^«^30»ooVte 

■S • «.*|4}435J8J5»W0H«»'» i*g««fcp8 •! fT^TTJCipx 

i«y .74uP»»578iHl*78 43) i«*x»*, liid rf" 

T«C» i . . , 284«i5z3if6oii5 ; aj 



^ U Oa».ooo8, the Logt. 
2*^5. J(7»Xij9) 10008, 

«M ; ifOsaSsolffeiS! 
^(!»»«rf[2i«X4tf3)looooSt 



•P4C' 



• » . 



1301111(482^9 



iNO 6^;6i6iiiS 

tWP" ! . . . i83«58 

,',»C«» iw« 

»VMC«' < 



BX49X 

tfothu 

ttnprimet 



JWC» . 7. , . . . 0.001 389T4134S090405848 
i^* 444?n5494«585»>> 



iNC* 7^974* J4440»8 

f NC* 910781541JI 

T^ITC'* 4«?»»4» 

siNC* a4S7040 

TtNC* ijtfW 

TiNC'' ?< 



grss 



{tli«*of?,29,lj^,pbe. 
i^e8ivM0«MotitMn'd^«ni 

Mai^ odier Series «« «« 
pmlificM tWjiand tho'the 
uteur on niiM «k*4H« Se> 
nei nay be confideraUe, y^ 
the advantage of gairnqg lb 
mnf iManthavs thracc £» 
eafi/t «iabes«b«ii4|u «otn. 



t^f^ P/y;i394lo85837471t4'>4 
j.«f ♦» s«^»4^7 5 J48tf5'4J>7C23i3 
2rf-Xaa»k^«rf-»*f «B»*j«ii2i72dy44»47j67oi 
?^-^0f»a«l-5i<g378782734<lli*<»»w 

ff &a MioS, MCss0.0034743);i(f$2it6oi4i$2l 
!*«• '. 74"J>»'f7«i« 

tiCC* i . laoiit 

jMO '. .< 

iJ«;»iss e.0OO0I289742«42O9o4at8 






I38974>34«>9o4o58 

-^ 44470J4^ 

fNC , I89J4*J5 

JVC* • . . . gil 

X=k«V-^;?SffS« 0J000l38978<Si574>»a53 

Z-Tbaiog^rfifflJaso^eM^yji'oSHO^+SdisS 

£4.X±Jog of 'ff?t3so.o©j4«8927 845821 344id4 

L«i.«f yf^ a»f tf J«i^7.»i J4t iJ^j;?** 



cawj<«iai 
railaiMft. 
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^4 ^Wr. Shf^rj/j Methods 

:i«oo)o4hI»^(^P • • • • •. oJoooia«57tfo4jio<P74<4^i}2i7 

j9ooWiB58cc.mC* •..•.«•.•••:.:•• .'.. 12030s i8058&tfi82US I 

X9oo}iao3&c (NC» . • . . I •.:.;... • ({33M4i^}4^5359< 

a90o)6j3i8cc.fNC* . . . • : . .. . . ... . . .... . . . 3J$H?8o77<i8i 

. j9oo)3332fcp.(NC^ !••••• • • •••*/«'• 1753^4^)5^ 

1^00)9^31^. Qwc^ : . . . . ■->>>- - ;> . . i . . ■ . . 4^ 

^ NCb .•'.'•••••••• .... aoo32a857d6^3io6|^74%6i3ii7 

|NC' • . * » ••••.«••••*•• £110582115484530 

\^ •;:■;•;;;//. :;ii:u:,ill2:::S 

Zgatog. of ^flfi ...... o.pQoxa8i76o<^4ai 179930887087 

^^ 4NO • • • • ; . • • • • . . • 0^00000069151590^9130911740 

iKC* * • • • SjjiHSiPa-o 

iNC^ ... . /. ....... .........>.■;. . 15^855 

Xc=Jog.ofi/imm^ * > > > 0.0000000(^015 1598<>»5 5 584865 

?t*w4r'4.'^«Iogrof «ff . 0^)01*8636x158114*18647195^ 

td .:..... .log. of 1900 J.*7«75}^oo95»8»896i53<^»547 

^dDS(^d-*xfi8lpg. of 1899 • i • . • • • • 5»7«SH9^47870i753»67i6i395 

4th lof . of 9 . . . o.954»4»509439JH«7459005 581 

5tter3d-4t|it=3log. of in «4i4^i455^9769&^650Si558i4 

6chsZ— Xsslog of ffiJ ........ O.oooia85i59i*6i4i7675jo»*a 

7ths±%dr^thalog. of 1901 . ,. . *...■. 3*78981116865443138*89^55^9 

If (Sl^i^vi thcnNC « 0.00001185760431069746461511 

• iNC* ....... ^ . * . ^110582115484 

*NC* • »«...«. 35^^ 

g:;=sio|j:.ofv^ -Hf^g=ao«<>^ 

" • '}^C^sso.OQOcx>oooo6oi5i59oi9i309ii7 

iNC* -> 81^1*452 

afcJog.pf%^|fe|§$§§8=o.OQOOooQco6oi5r59o^^ 

iftB2,4«X 6Blog.of \\m ouxx)02i858ioj84776703ioi885 

Id log. of 19000 ...*,... 4-»787J3<^ooiP5a8a896i53633547 

jdEs;.]^ — x^kC.<(f 1S999 4:a787307'4*74698i*54|043i464 

4(b U>g. of 9 . . . • . . . .... 0.95434*5094391487459005581 

5tlBS34-|-4thaslpg.ofiiix H24488*3330705437^9i4258?3 

etheaVii ^TLsaVog. of ii^i 6.0060*185700*81589953958745 

7t)iesad+6tlieal qB of 19001 ■ > . - > » * * 4*787^64579556448610759*042 
if Gbas TmOTitlien N 090.00000118576043101^746461 51 

' fHO .:>... 11x0581115 

Z^saiog. of / f | f^ iago'.oooooii8576o43 1090851x8247" 
; |l^C^a=ao.9oooooo6ooo6oi5i590i9iso9i 

^Nc^ .:. :::.>.:..... . i^u 

xlU=Z + Xpslog..of llJJJf . . .... 0.000001285766446*4988149669 

ftd 'og?of ipoooo ...;.. 5.*78; 536009528*896153633347 

3d=id — xfts: log of 18999}^ ^l7875I?I5I8638l7l 165483678 

4th . . . . . . . log. of C3iX*7)8}7 .... i.yi*7i545^99ja5W9i55i787Si 

5ths*d-4th»Iog.of 127 : i.356oi5857i9;i*i7ioi0304897 

6thB=3Z| —X^log. pf f|A§g;^ o.od<i)Ooii857544f 5931813068^5 

7thal4+6Mia log. of 190001 ^278755886707*44893359401 72 

8th log. of 7 • . : ; . 0.8450980400x4*5683071211626 

,jtte=;7di—8thp=5 log. of 17143 44336578466^*^8806264718546 

, ... r. 



Digitized by 



Google 



^ maihg Lagdritlki^ 



^S 



To fid cMvenUfU FraUioni jfor raking the tfig^nthms pf parti'- 
cular Numbeni without any other mvifim than hytbe Indicei of 
the Powers. 

Take fodi a proda£fc tif die Number praposM as tcgms with 
an unit and dphers, or with a nine i if the f6rmer> fubtraft fuch 
produ&s from it fucceffively as begin with the iame» or hestt lels' 
figure than thit which immediately follbw^ thfe unit and ciphen^ 
fubcrafting thelaft always from the next former^ muldplied by io> 
I CO, tSe. till a convenient Number be found ; if the latter^ add 
fuch products to it fucceffively, when multiplied by lo, lOo* 
&^. as will make the fdlowiog figures as near nbes as poffible. ^ 
Ex. gr. 



iSl X4S3 io04 
X399» ««>HP 
X39Ss= 1000135 

X}9S4lsstooooo9l 



llank i 
»5I XssarsS 

X39B97S9 

X4; =: 1004. 



lUnkj 



157 X432i62« 
Xl=8— xsf 



X3984=«99W84 ^ 



X39s:icoi3 

X8«j^os6 
X^8pi^ood£44 

XaSpiisxoooouy 



kahk 

a&7 X3SS77I 

X3i2=97* 
X 9g3 13X1 . 

X389»99P73 

xi=5_2|2L 

Xj89l5=»999«7 



Xsaa fi8s? 



iSiXCx8«7Xi3X5J39«4otoWW«^ aSTXf r 3 ipXS^)389i<^SP999999»S 

In tliii J^afiDdf toifi^^ fraftioos ax'e fixiiid) a% 

1000 icoo 100006 100000 ^ 1000006*^ 1000000 ^ 10000000"*" iooooooo 



S5222-SI iQOoo<>_ . 1600O0O ibooooo locoooco o looocoooo 1002.3I 

99899 iSlXWX* 999984 ""xsixajX^S 99999906 2887X151X23X6 looocp 

_ HSSl2t «2SSl^s;WXi2922i5 l ooooi^y, ,,^ 57x233X1^7 100000 --V22£22L| 

— 10000 idOQOoo 10000^ iooooooo^ iboooooo 99971 "^589X257 



lOOOOOO^jpOpOOO IO00O606o_ lOOOOOCOO,. tArU^^ t1«..0n»^ ftf fhtt 

P99987"i^97X257XP 999999^5^ » 3 l9Xi57X59XS- Wl«e the P0WC« of t«« 
KumWrs oM4$ <>>ooi49; 0^000235; 0^000091; o;oox029 aooooitfj 
0.000000945 0.6023 ; 0.000244; 6.6000x2) 5 o^oobi^; 0.0000x3; 0.0060601^ 
Hr^efttrely^ are reqaired to be diTidbdi only bj^the Indices of tlie I^owers: 

Note^ Thd* this Method ieeAs mdre iimited^ as not admitting 
of every particular number, yet at the b^inning of the Tabte, 
where the other is moft laborious, this is moft.cqmmodious^ and 
afibrda excellent cjcpedients for many great cirimes ; but where 
it fails, there the other becomes mofe convenient, sind performs 
with greater expedition i fo that both together render tnis Art^ 
ifiz. Logariibmotechniai moftcompleat* 

fa 4TalU 
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T A B L E 1. Briggs's legartthms ofaU Numbers to too, and eft 
Primes niider HQO, ta fixt^ne places^ fey M-. Sharp. 



(XOOOOO. (X»qoA»CX3,0OCXX3i00OO6,0OOOO,OOC«O/X30OO,OO00CVW^ 

477iMiH^»9^M37ay>,Soi7?£pSS.JiS5o^^i^8^ 



. >i3**7j 






1^ 

17 
\% 

19 
xo 

2t. 

*! 

i£ 

l5 

:«7 

»9 
?2 

31 

J4 
f|S 

9^ 

37 



iS4i55855iSS35S2«5S^i5i^^ 

IJ4«SK5S^,y»lS»/»l59>.59W»^|S«^?^»?«*?*f^ 
i.i7go9,uS9<>>SS68 i;H">8>»^890>o8S5oA^>A4M9»3g98^7i8&»»75a-3S>i94|fa 

35OjfW.7>09^»St7 



40 

4r 
4* 
43 
^44 

49 

50 

SI 





i.i787S,J^oo9,si8i8.9^l53A334>7S75^,9i93ii79SnA9337»J9449»759teP68i89 
i.}CTog^9S<^398l»'9S^M73^,»»yt4»493oi/?y^>><»t><^iiOb<S4H»i04^S 




U}97»4#X)o86,7io|i^o9S7i&^*»'oSSiiOi394A»^3^j»<M'37j07S7<^ 

,82i4«,7|9?9»i9B^9fe»49l7jnTiTl1^»<4 

^.. .,34S»70OQMfc9»*S7«>8,75944.8959^ 

>-4^7tfi>03»l>4»^«»Wl^9»y>48<H»/^i^4^y^ 
l.4tf239;7997M9S<6oSn3»»4«7J^a9^9A5499.Xi54i*944J7.<«7iS,384io/S39«9 

i.47712,iy,|7^i£6^^^7j^^i2£E2Siii^S£^^ 



1.43 l5<a764i,s8987,3"88>S0837/)?7^S»34«afc7^OQMfc9 






l49l36,id^8,j4i7ai79^,67O4i.o0ll8H'»S7aA3O37,0iSS«,3O4»8,4^SS9.J«3498 

i.SPSi4«997a3,X9?OS,97Wt.8^73fti.4«4n>l?45^^ 

i-Sife«,>939«,7?W^1*:H»S*W5t445sg,i39S 

i.S5«47.89^7«Vf»$5»«i375,39»87,89<5$M3o6s,6rrsr»5nS9,88fl5^38490^S9 

l,S44<^0443*SO^75,^3S49>847%3»^38<^8;i4^l6^7l&»i8^^l4,<6i^s^^^^i^3Zc7s 



i.S682O,X7240,66994,9968o,84So6,89S}9.l3L944»79W9>7ltf90i>«>3«;iS4^*i7^: 



^kiSMod, 



t6x 

76799 




,99913>79^: 



I944M<^S>3«63/ 



i.6i324,9290?,97900i4^3">0983l),56S7iA445i,945x8,9^"4U97^.9^^89i*l 
l^)4t,84H5>79rS86 Sl<5llW»Wl^i2W»tft«»87,7rf84^a»9^4l44A4?4M 
^^4S.2^7^4^x87^JU7*7^777,6od^piC25^54Jo,JU9Sy9«^^ 
t^S32i,iSl8li5j4i;«7937^3*^9,t I7«5,73^^ 



U6iis,7^Yi^,iiS7^oyj^o%,isi6o,o^^ 



J^7aq9,78s79i3S7i7,4^44M3^i93.99449j^oo^4>o!S98,o3098,4i994,7827o,j78294 

'^ Ai8l%«|8j4Al8««74i/^«-7*^Wl9«>,o»t3*<5c)€Citi$T$S 

«,28sx3.^^i45H43aS»l7<85«t7i38A^7i44479ail5431«o8i30i072^99 

t^j89?,<»043,3<ol8,8o474,6itf I i,cstrs>So49.7>>^3^8/lt>it^S37t9.HS*i89^7^s 



l48ia4*'^373>7S587A 

l.dfoisu^8oo^28s'i3>< 



„. - 737?7ioi73^753333s*5I^^ 

$1 f.ri^a?,«43^>347994S9^«9to9>4739».8 l448U3:^ii^MM»2«iA9S44iltftou|S9 

l.7l4i7#5869^/»7§9,04Sd3^0922^ld27^S6s9,i09SSiqHot,»9493^780Siy4io3o 
^.73i39.37598iii9^*So7o9»88Ma5,04489,8889S,43^»7^474»034»9j^i3S%ooo244 



l.748i8,8o27o,ofeoo^i63S.343*9#4*7^i»i*7>J788i^45040.7i<»^,io304,3^i73 

i-7SS87,^SS^,7a49i.39883,i3^l3.790«.044^>7i5ii,S««>i,s8sx9.34^37,3^*4S 
'^ [*^S8s^,57tf93;748oi,80224,842p9,3492^^3823,7.s8244 

. ,. ... »iO^S^3*84S3fcX44i3*89i^7,44474i93o7^»SaiS5>27i8S7 

L778tS>iay 3»83^43*^3^So»87g^7>97979i^o83 3,59^83,1 8745^s^8q>44<^'>4019 3 1 
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Jf t««fft^in97ilC9T^i9WiMI^>a4*^9i6u4y,47SiMA57ii^M>>^79^8i07^ 74 



N |Jy|g^i><f9jMy»^^afc7t5M>i<^ta»tg4<^9^ieiA^47,878ix/^ 7S 

g l-«W-0A;iS»f7Htl,«7i4^a4*^MpS|S>tfO4f^Ijo»,74*W,7JKHi,»S«>"/JO»74o 77 
1* |.l>*O9.4^o»^i^<H«OHO»ri.SniW59iiiW^7^79»0HflW4.o)9«7A^^ 7f 

2 i Jfyfe>ya^a,9CH4»>4^yfy^4t«'M>>^4y M f 9 ^ ^» 3* »j<^t»»Si S/>3lS^i^?S i ? 79 

Ss l.9<B«4«>S0iW,7W4M49«Mintf,i jeM^«li|yJfeo|,i5456,7da7l,j4*P5,i^2^ 4a 

1* i^l3tl.3t$25,S57i«itft97t,5lS07;44*^»,47»«4»^^iO3si5Ap579,S^5cj,i77«42 8i 

^^ 

«4 



tal^^©7*^3,7^f,9OJ«3i*7««»3»5*<*7,a<i»4-7w>»^«J7^«,o80^3,04SjSPW7o8 

Mi •.9»4A7i^Wo,^»M«t^S84},47*iMi»^737fiS,^t»€c^«ioij^jM7,'83S3^S435SS _. 

•i i*g^g4l.>9aS7>i4>^7333a,^43<y>g9^»>44«><>^3>3fla774^.9^X9378S^<?y^ U 

if I•^3449|84S<^>43S'7,7&1^I*88^7<H47^3>7I6X^S&7^447^S^84A20»I95S8>35I766 S^ 

•f »'gl9Sii^S>^<3^»8»SM^7>7^i^to4»37 o 3<VOl64M 3 ^to,o77<4i»7osai»Sa^>S Ij^ 

a l.9444M47^i^S<M^M4l^,SS4X^S0333«20ii»,7iS3^yL77,87l«^7ftii4 8S 

tP l-$493P^^0COtfa,449>^7S4rL»3»43)i^97QM4»»<4^5l,^l8s^loo^ 89 
^ JfS£4^S2J223a4|W^ 

^« l.9MoA,i39*3.»'ioP3.W5>^»7*X4»»*554i9MMJ 1 3 3j01 5«4»7Ho3,3<J7g3^^SP 9« 

^ i;f&7i7to73^*S&S.>^W»54W>«7*)^i7S<e^|at38.9^ ill 

» l.9rt4%4fc.tW5.M*^r7g^3}W^3io3,*5o^a.3O4aa^4M|0^ 9S 

94 t'S7Ji*f7^SnJPS^9Mi96M9S9!im^7^A9^6j6sA79^979i9^ H 

Ji l^»y7ya^f4DS^.M847>7«3a^,^S»»S>8»o^a,43fe»i^8lM94SS>P3*Il^ 9S 



^ I.9tei7,li33«i55^s^«>4»33^»3na3.7^»77»58o44,304io,7«27i^oi23,8s7i J,8*oc2p . 
PI l-9»77,i734*»^44>»$iT%43^i».ix^«5.S774W4iS8,4lS»43^388<J,69747,i87ao7 57 
93 l^i2a,^5^^*494»8sa3^i7l4."9P9»7^$4i>5735>34^74,"003^3543,i75974 " 
5lf fc^S^3^»94Si(f7S4Wi$a4»«»557>7r7S3.*S48^>Oic<S,5P9i8,84784^824a^527o3 . 
101 fcx<Hy,i3737>tatf4a«&y4&7i&iWi»78uzj379U3ai9^>fe3S&>a;o^S»iS»«4/>&8i^ '^ 
*5 £oia3;7S47?s3ww5l^i5^^ 

KJT fcxa.938,3777^,85205b64083,4S4iij3P4^x^3S^i3Ld8,i^8s>i/340i,93si9,8i^2O •'^•' 
ioji^j742,64979^dfe3^jSiQ,o&i33;,P7^ij,»7&iW542:U04Sai,8z798,3d8ii,l<Moos 
>»J »^S3<57A434»»34i9.7i27».SJi7o,*85o9^8l8^7783.83^2 3^1209,73 305,157054 -^ 

f3 1 1.1 m7,tt9S«^7<y4A^8l,0OS4i,70to,738S9.478oi^3U7,Uie;2,69d89,77o33S 



>37 



I i7a7,»SS0^704»*«>o«'j^54»^7«)97*73»59.4780i^3U7,Ui62,69689,77o33s 1 3I 

i3^7ij05^i,Stf406,758s^A9*5^,27U4.7?971>3^782,297o7yl^34C4&^i^3a444iJ7 
,X430iA8oo»,54P95#o8o4i^4J12,oa,3ip.8473J(,447a7,329^7»9X78s,9339tf,S743o«iW 




^,. - -- ■ ... ,. . ^1401 

I S*-»9589,95Si4»09a}3*73tf7tf.l48i^*9897,2837o^o6si,9o992^78Sj;i,9S873.&94477 
1^3 i.2i2i8,7«044,O3SK7,8o7^4/309 14,35925,59475^930,97247,35985/5^x85,305704 
1^ ».M*?x>47xi>47583^7998,4O759,099i<:V4^7i3»44^^ J,384Cl,33lli 82289^)69635 
171 IJt3804^t03XA879S>4X4S^iO$3C2,t8758H^588,778l6,83X^9,i 349*»^^4S},988743 
175 I.^Sz8S>3030p>79893>Xg9S7>0»826,pl773i0&8^ig43>o>7^o9Oi<^^i,8623»477*8s 



Itl H57<7,8S74W9X84.SJ<»%974jtf.7^iiApa4P»a^+79»Spi3i,7*ipx,887^,S7479P 
I9t l-MlO3,33tf72y|7727,S37^,3>SO4l5,P8i70,6X03X,849S7,3^x 34,17824,30405,891262 

ip3»-aL85S^73opPi07773,7^o5p,7i3W,4^353,3Xo82,io979,ai6ox,946o4,884i2,889733 
»P7*-*944oA26l,6x$92,92737,X744J,X77l7,l550l,75Xio,6467z,co453,369o6,i8o72c 

199 SU2p885.3O7tf4i097o6>65oio,O02i7,8i^l9,8Q284,i4948,8877i,49827,3i4S X,907o65 .. 

iii».j2j28,24SS2»97tfp2,tf^5o8,l55JXAP9*7,88565,i5502,585c2,9oi93,86869,oi473o2 
W3»-34830h8^30h8i^o47347,SI7<J2„i.6240,35z84,44534*24237,98c2I,o8i77A3X582 21? 
127 M5^o2,5S47X^m,7aoxp,3c^^89,<J4753,672p4»74838,742^i,5^S8H^4i^H-94^s6 ^^7 
225 i.35p83,S4^i3*39887,994M-*7p298,6i52Ws887,033s8,p3242,543i8>»4C02.5P3P54 ^^9 
"J*- 3^735,55?* »<5A6oi«,972i8^i38.8,3547^,8593fto8884^54098, 32289^750,381402 233 

|gfc'l783P>7»oo^48X37>^^o<^x^tf>X|feH7>89i^MS»7092,M42f,694^>8S262,59973^ 



139 

i3lX4P 
Ui 
X57 
1^1 
x67 
17 
»7P 
t8t 
I9t 
»93 
JP7 
IP9 

II 
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)H4 a.|«aoi,7o4i5,748^,38407^8 



i5xp-J99^7.l7i 



in 

177 

l?7 
5n 

Ui 

537 

547 
349 
353 
3^9 

3<57 
*?3 
379 
383 
389 

397 
401 

409 
419 
42J 

431 
433 
439 
443 
44? 

^F 
461 

4^7 
479 



au43i96^9o8,7440S»7i9Si,l l8oi^4-875Ti8o*^«9<»8<Vt8o99j7l 147,47 Ip6,9«^8 5 *7i' 
i44247>97tf9P.<J4448*S53775775^3,l9S99,7585 l/»9*^5^739t7i$7ii«>t j8a75S4^ ^77 
a.44870,^3l99P5O79>89*8^>39n9.*^»75P887i,5So^,84994i^7733Al09i^5S*6x8rf 
^u^SI78,64355,Ha9OA3555»89Sl9,I0S7o>l377*,98828^S398,l 35tfiM4"»854i686 18 j 
a.4^68^,76zo3^4i09,4S624.37S8s>l^o^t8i33,i497o»8ot9}>87635>9i8oi^87l93 tp? 



i5,748^,38407^839,6tf454^3t94»4384&»7S4aM794V57il<J,09o7loli4 
l4^8x<i38^3^54^S4^3>x^7o6,904o8,i8S74»^^8S,39$ i5i»5086^S7977 asi 
35.3lt94.537i«A8954.<^59»9,65l8j^i99,8989l,42i6l;tti90^S7o«Sxs: 



iS^8954.<J59»9,65l8j^i99,8989l,42i6l;iii90^ST 
iH-i996,S74M97SW^897,aJL335,83870^H8liyfU07,5S733,W»*S5S8i,84768i . 

^4»'97S>^8c>o,oi4o7>98oi><,7>t8s,is87>A7«7S»377Q9>S4<^8o^to^3t>*tf5S8A^9iji^9 



XS7 
a6r 



^•487I3»837S4k77i^,4847M^o84,3^39»33&04»?S*8l,«98i7.26«3,i i5SX,5^T9S9 1^7 
H9z7^»o3890»a^857^C)S5M»5l»8|ZS3At5i»8&M.9il8si9<9<H4l*4M^7j78i5i4 5il 
^•49554»4337Sy4^44^,4848o*«a^5P486i;i45l5,lS79«*^«^^8S7i*Sa^3ii9^8ljsi3 
2-5oios^adzi,i775i^94SS,3aa.9P»i6378*aLa4«^877AUS8,7lS49/>7»78>i U979 5«7 
^•5i982,79987,757i8,7386oi8i4]od/J7340,8s6^J,5o827,i5S49.^«4.4^o87,a9SS*cs3l 




2.52762,99008, 
2-.S4«32»94747j 

i.Sj.2»2,S4269j_ ^^ .. ,... _ ^_ 

^•S4777i47o53.8782*,s^S49i7o693,l5968,S^ i9*798^ft»7iSop,g7»95»475S^'i 7 I7^S 
2 »SS&o9*4449S>7g3»9>H7g'»^Si93.944»!>8997<ya-3S7»<^44^'>ia.86a>i4Soy8,t9484l 



337 

►7|547 

!7P4l8li990»96 549 



2.56466,6o642,saQ89,33798i7Sa90.95<»^i909l4i75947,S»iS7,57773.73588,S29i8o5^7 
2.s7i7o,8}{3i8,o8687,6oss0,^8969.387oiy4J99I*495o8,||O32^5$5i,8tZ56,82847S37} 
i-578^3»9?'099/8072,34i93,i4620,S94S4*444O5A94»3.873^ipi9^92^8A« 38»><?8izs8 579 
^•583 i9,87739j^8622,74037,994^iA95<»,n234^78S7*39787,5i93^xo9«>,<5s8346 583 
^S8994>9^oi3»3LS7o7>73624,49469»»l751*9S^70^l4^7^>4UXi>i4^88,9s64S/s643S 4l5<9 



2,59879,05067,63 Iis,o5s87^8482,4o668,63ii2,25522,37stf2,9i87^,i8o78,s8«3^ 397 
2.60314,43726,201 82,3o6s4»4^4X i,48l49,42.S49>75l^,88963,37859*8i7^l,562oii 40' 
2.61 i7a^,35«>8p,o734X>8o36o,95027,i773^>4^^79»<»3i«Wl59SitfSa5S,^7^79f407o&2 409 
2.6222i,4O229,66295,30985,o7395,99373»736iU&Si4i08l66i99i8cu6i23,8i47974«9 
2.62428,20958,35668,3O74440669,2342ly4437i>o9437,88488,oi6Si,s6998>o582984^' 



i-^3447>7i7ox,6o7 3 1,60075,02803,261 84,tf7878y49873,tf3»3 3>x^i3i»39X^o>i68424i43 1 
2.63648,78963,533<^Si44a69,8o664^9685i2^7^ip86o4,i7833,58859^4^Sa,^!5aL09 435 
2.64246,45202,42121,37063,3741 i>So^i3*3i5634|^*33^448a«93X97,7849ij^8498 439 
2.64640,37262,23069,s6023/>iO44,89684^39O2,83230,69450,39547,3 1960,218878 445 
2«65224,63 4iop^ 3^3>l749i>90i^3»S3743»43 ioS»3So^7,5994^igl 108,711 ii»409383 449 
2.6599 i,^ioOo,69S5^2l23sl35^r;4^^ 457 



2.6637o,09253,89648,i4507468i8,i8487Hai33>7X937»47i44«04859.02A63,622776 
2.66558,o99io,i79S3>i 3S^7hX93 x,o8438,7o855>40.X57,<J54So,4^974^5874»85 J090 4^} 
2.6693 1,68805,661 12,16308,805 ip,89779,99674,xooicv6l40i,65968,77553^*42r * '^ 
2.6803 3,55 1 34.i4S^3»i3xx>9,69639^6962,3 1o78a7266»76340^i 805,94^90,6768: 



'^4228467 



t22 479 



68752,896i2,i4634,33246,32O5o,64435,75372,38433,544i3,S9O09,69<^oA7i887 487 



487 

49 

499 

503 



12 



2.< 

, ^ 2.701 5^,79850,55917,39709,82240,90279,52805,50061,793 xi,53^4»x 3 100,1626989 
509 2>7o^7l,7782 3,3^7S8,74^5^,8o767,n564,255oi,75Xl6,3iG22,8279S,S93i7,73iSo5 
2.7 X^83,7723i799S24,474i3,^54lx,86s89,82340,55S9i,488o4,35659>xo389/3375i 
2.7x85o,i6888,67274,23926,oi265,7889i,o7882/>5229,27624,54O22,8034O,6l854 



Stx 
523 
S4X 

S47 
S57 



S05 
85x1 



,80340^18542 
2-7 3 3 X9,7i^5 <^S<J9,4'3<587,93482,43 8'9S,3 57^6,02744.5 X X2i,549X 8,07249,958843 
2.73798,732^3>3343o,7738x,26473,72S44,o64liyHX23,52573,38734,83672,544i94 5- 
2 .74S85,5X^SX,7 3728,90044,34334,98899,38696,26667Ai982,65S^i,889t6,047639^ 



i63 
5^9 
571 



S77*" 
587- 

S95 
599 
6pi 
607 
6^3 

^17 
619 
631 
641 
643 



2.75050,83948,51346,21909,45827,07761,08389,89109,275x0,02997^6276427041 
7S5U,22663,9So7i,X7228,7os55,a4030,20O58,87808,4O566,56954yf9357,^il64 
75663,61082,45848,05004^2841,30031,39578,08074,83371,59899,19^11 



569 1.755 



513 

&4X 

47 

S57 

569 
?AS574SS7l 



76117.58 13 1,5573 1,42848,883 ^6^7563,87 x65,l8349,9463 ipo8o7,86o67'4o6949C77 
2.76863,8loi2,476l4,476o6,3SS92,9859^,7l376,X998i,12599,o5675,i499S,758554 &87 

iii5r5 



2.77305,4^933,^4262,6o6j9,667l5,S98il,78x33,09249,84o55,79^40,65ii4»ll6 „, 

2.77741,^8123,893 1 i,3798i,8i7i5,69X0X,74tf84,lSl98,878i7,l4494»57SSM85O37 col 

2.77887,4472O,o2739,52088,58506,99987,83983,489i74ii97,i4O3i,8oi8x,X45O90 6ox 
1.783 18,86910,75157,58096,01956,30455,95072,14061,423 17,98498,79486,868541 607 
2.78746,O474S,x84i5,O3774,2266i,8l4S6,45078,l95i8,58564,77870,605ii,88 7769 613 



1.79018,5 x640,3 3241,68204,54661,67275,453 3 1,98845,7343 x,xo23 1,76836,, 
2.79169,06490^01 17,97679,79674,84394»S0849,41 i05,79i64,o669S,486o6,i 

2.800O2,9359i,44X34.3i3OX,69298,49975,36886,i5526;il483,45926,226i8,8 
2.80685,80295,18817 " ^-«-« ^ - -^- < 

^,,2.80821,09729,14111 , .^-^^.,— ,^,-^«„^-,^^,<,-^.w« 

l647'l.8lO9O,4i806,68700,3844S>8430S/i79S;3i772.3337 4427S2,886iQ,5S&54,785l84'6|y 



>,3i7S6c6i7 
154085 619 
,819406 631 



Digitized by VjOOQ IC 



5S3 i.»l"49»>^i8ii»7&otj«^^fii9l"65»6S4»lS*S79^«,444^o^3073,S99n,i4836,7SK>76^ 
fiSS i.8iS»8,S4H&94a)9»«^ia8,04.846,e7c65,D3884,7U4S>S«pl4,63 1 14,166 jo^874Sc 
661 z.8ioic,i4S^4^s^40A3^4*^57«8a97^8o>09a4«A447S»*955^,4»o77»2.74» 1/^01763 
^73i-828oi^otf^397^,84647,6i709,948»4/^S87,8439a,738sa,5>S^99i072ip;5i7$29 
677 v83os8,86686,8si44»3 i6oo,6ol7o,6o287»iS79 1^987 A^ 869,42085,75x19^4x183$ 



6g3r.83442/>7036,8i53»»S^339.98i39,+ioJ^i9+3»4.ia'5l9>9io74Ai39S,i5ioi.356ioo 
69ii.83947Jk>473.74X98,4O7s8,33<577,i43i^>^*^43,33706,670is,7i53SAo888,2O08is 
7oi2.84S7i,8oi79,66^8,6s7o^,40^3*372So,^440.?^8a8,6p6p6,o67lo,99378,6426i6 

.709 i.«So64,623Sl,83066,S4i8s,38844,79778,899i4,l2O79.?.34^4.S737i,9X 344>7«S434 
7y9 2.8s672,88903.8288i^6o776,76so6,&i40a,88ii3>sS3'9»&o78Si664cy,979i<>>3^73^7S 



17x7 i.86iS3,44iois9037,8362X,3464i,+8678,396i 3,39988,70*44,9^595.05660,70999^ 
7j)2.86sio,39746yHi27,943X7A8i3i/>i5S9»86776,i2o5i,l2a:68,36i4i,OlS39ji9^7i69 
7j9i.S68dA^385J>48z5,73669,36855ti4a^3,03827»7868s,tf29^,o6oi5i93o3o,l6x646 
741 2.S709M81 37.^os75,a9244A^72j,4i223,78639,86402,3520lAS82.tf«9o6,4i^ip6 
7SI a*g7Stf 3>9937o,04i^8,38974>S98S 1.09^5 l/>89i 3,79777,69486,723CO,09449»^87788 



7S7 2-879O9-S8795>00O72,757O9/a2.7S^^i89,2883i,29598,5S^X0,77568,l8424,9O966i 
.761 2^881 38,46s67,70S7a»82636,87M3*35S59>4a^944^2^i.i^i xs,X9529,i6i 15,770466 
759 £.88592,63 39«-0H3 ip39^>**9»a.3999o,68928,S5438Mi^»7 3676^52539,5*40*97 
775 ».888 I7,94939,x 83^190897,4^88 1^7 193,74^02,82 128^7448,8 1788,65 565,250475 
787 »-895^73i3*S90^4»SS847yJ9»os,93093,84403/»S57,3 33^3S,3o89i/35759.50937i 



659 

661 

673 
677 
683 
691 
79X 

V^ 
m 

7.« 

739 
743 

7SI 



797 2.90145,832.1 3,9<^ll2»34726/6oo8A73^2o,57i50i6o763,8oo48,04o8o,902i4,87i 17c 
2.9O794,8s2l6,l2272,3O432,3628s,45880i42lSi,46893,l6557,7o8o5,38in,o2i66i 
2.9O9o*^8S4aiin56,o3o69/55308,48522,97484>9^77,lo258,568i2,566i6y^8943o 
2-91434.31571,19440,77x80,40593,41703,71406,12897,21030,05294,12843,731072 
2-9l539i9835a,i22^83976>77o77,56S99,5Si65,Sia9X,x743x,039S9,46o95,S28ii5 



827 
829 



2-9l7&<^S095,52S46,67o7i,i6671,84496,53756,X3593*7lo8i,63C45,5o2i9,579982 
^ ' 2-9i8S5,453oS,&0273,553 > 1,513^7,88077,88199,00092,6885 1 A7047,8i 17^,3 xc395 
J39 2^376,19608,28700^7499,860x2 ,26886,40032,82838,28125,42255.16955,559741 

2-93O94^3Uj67523,02999f84Xlo,76276,53284,29>46,89789J 0727,91914,58586? 
/J 2.93298p82l9,23l98,i6429,25296,9473o,29838,4465l,5055g>92985-4752l>566946 



853 

857 

8S9 2.93399,3i<538i3 1242,30262,85442,12269,31107161700,39788,2x370,78414,600987 

»3 2.93601 o7957,lS209,5926tf,j63o8,697S4»»8427,l3577,i2652,84446,774Xo/^23962 

877 2.94299,9S933i^6o4P,Sl822,8o278,38oS7,l4352,S5n4,8725o,72879,52288,452978 

fJ*2.94497,S9p84,i2047,9Xi74,23677.89471,82528,26645,36S43,68702,ii353,79<5990 
^ij 2 .94596,07035,77568,58561,59053,75327,89211,594x3,79689,05497,15640,73061 



757 
761 
7691 
773 
787 

797 

809 

8 

821 

823 

827 
829 
859 
853 
«S7 



887 2.9479^,36198,3 1726,392 i9Ao9o,l4904,07473/5«873.9897X,35988/5o988,634764 

"^2^5766,72870^0095^5584,72x39,01553,62548,76154,78601,27524,63755,591947 

2.9595X,83769,72998,24763a8oo8,x7777,I9688,S54x6,ooo55/d5536,779I4,^76754 

2*9633X,55i X 3,861 1 1^65x9,69202,08586,23523,20678,28235,45 128,043 19,578878 

2 .96801,57x39,9^641,76318,47673,87869,08415,56826,51527,04702,61455,40205 5 



907 
911 

929 



859 
863 
877 
881 
^3 

887 
907 
911 
919 
929 



9372.97x75,95908,87778^6302,75767,32122,15899,55792^,61709,55802,5x627,468099 



941 



2^7358,96234,27256,9083^^2975,10551,79624,82320,81816,02752,59675.858750 
947 2.97634»9^79o,o52734x87S,oi 1 37,75925^2059,01622,95145,98964,50857,6645 

953t 2.97909,290o6,58526,4o853,29398,477X7,3i227H-7302,5822o,io598,20494,5657- - 
2.98542,64740,83001,67359,77060,21186^271 i,98227,26427,5oiX2,X55o8,65S787 



967 



971 2-98721,92299,08004,86280,31589/56556,25140^^055 1,99480,84889,06195,03 1854 
977 2.98989,4'5637,x 8773,07091,48028,11052,34926,25914,08^10,84838,41815,133x25 
9832.990155,55x78,32x55^2274,96549,^4741.43755,19748,99290/31915,16619,651606 
99x2.99607,56544,85^75,32836,44543,78815,42086,41325,12665,22812.08187,848418 
2f9869,5X585,Xi655,71988,i57i7,028i5>7259,2709i,29009,56252,5457g,257n4 



99X 

222 

X009 5.00; 



. '389,11662,36910,5^x71,52813,16509,55886,55201,95651,55260,09846,582385 i«>9 

3X)OS6©,94455,6ca8a,4284S,oi6x 7,20070,22 165,086 30,76662,06266,67962,258954 101 3 

, 5.oo8i7y4l840,p6426,39490,49899,^25 11,83296,76922,24936,36781,15542,425256 1019 

r 3.o<^02,574ao,869 10,24724,8x480,36966,3785 1,0505 1,555 15,99655.4543 7,5 1 8936 xc2 1 

" 3.oip5,8665;2;855i6,$4690,96644,090l3,44S83,24998,28oo6,59445>»i546,5oi75 c X031 



937 
94X 
947 
955 
2^ 
971 
977 
983 
991 
997 



10x3 
1019 
102 
X051 

1035 

10 



_ 3-oi4XO/33a-X5,X96fP,57904y^xoo,62744,77o6o,745S6,5i4Co,55n8y4o683,272i62 

593.01661,55475,57x77,41240^1010,01561,62758,71828,97066,20300,27455,551533 
3.02O77,5488i,p?557,859^,7l007,65899,9i74i,X9l4l,56i9lyf04COA927X,2i2i7J 
3.02160,27160,28242^1008,57688,89097,9x687,94575,69660,00865,15290071505 
>a257l,53839,oX340>666i2,28844,7399o,7S2S5,i8778,s6i6'7,59546,ino9,83746 i 



1049 3'02O77,l 
X051 3 ' 
10613. 



fo6j|3.oa653,32645A3296,75697,X474X,94^22,85095,7255i,33664,5P70l,42l5o,299662 
1065, 3.02897,77052/>8778/3i749/)X456,79857,36936,.27594,48925,oo824i96999,o29S98 
lo87 3-fi'3622,95440,86294,S5992,62575,76344,44ixS,7J246,o6239,25536,422i6,4947if 
3.03782,47505,88341,87761,10634,293 18,59826,96526,1 i4«i,i042X,oi72S,76333^ 
3.05862,016x9,49702,79226,92555,2 7640,43892,49476,7683o,67575,Scc87,oiC56x 
.04020,66275,747 X 1 ,1 U2 X,54^>52t405 1; i,6o'rAA,8o2 36,8o.c;62,48.(;47,775 \ t.coca i i 



1091 
1093 

V22k 



1053 
1059 
1049 
.051 
1061 

1065 
106. 
108/ 
1091 

IC93 
IC97 



Digitized by CjOOQIC 



j3 



■ ^ rft rt ^ O 

CM> a^ ov ^ 

ui J5 ij:i iu*s J"^ 

9, q, <> ^*i 

^* ^ VCJ ^o -o 
■ (4 ^ -^ -" 



rt H - - q 

00 ao QO ^a H 
un uo -4 Lo tfl 

V, q, ^ 0.5 

O ^ '-a ^D 'ND 

c4 H fJ #l_l 



O o^ i; ago (09 t^ »>^^ ^ ^ ^ a atfi^ 
ir T* " O On|«^ I^^ jj * i" ri *^ O ,a4|w 

O O O & O^ O q; O^ O^ Ci^ 
^ sn Vj \o ^ r£r\o q V> ^O 





•iX 


^ 




Q ! 


I-' 


t:j 





m 






V^ 


^ 


OQ _ 



*y\ «A I*' iJl ^ 

. tr^ t4 t* n 



00 o us ^^ 5*^ 

^ o <*■ O^ "^ 
*^ "^ *t "^ '^ 

wS £?, r^ t^ ^ 
^ i-k ^ i> >^ 






r^ ^N^ J5 O^ ^ 

»fl O, rT V3 ■ cT 

O O O O OS 

^ Ho 10 ^O 'J'J 
10 W W 9(^00 



1^ r-- 0\ rJ ^ 

L^ LJii u^ k^ un 
W M *» ^ w> 



„„ ,„ .,_^iL"« "■ 8 >^ 

Q o a o o o q (^ o^ q q, % q, O. D 

■ rt rJ H H fjri J^ -t< ^!^ 



I ri »< ri ri H 



Cft, (Tirt r- ri ^ I 
^A i-n Ul "^ LiY 



^<i Q^ "^ r- 

t -1 H °« "^ 
iXO ,^- — ** 

<UA luO IJI ty> ^4 



^ rZ i«r J, : 
tA (IF, >— sie -' 

iC' 00 ^C » ?: 



S 



KO >0 s 



4£ 



fli fHr\ 1* O" i*^ — ^^-r i^ — ' 
^ ^^ ^ « -f-: O EJa 0\ f^^ . 

■ ^ O ^ 1^ - iJl g^ ^ 






00 VI Oi *" *^ 



^J 



I 



2 g^=S &^ 





.. . fT 



r- *>^ o '^ N 
ifl * -r "^ rl 

^ ■JF' -f ^" ■! 

^-> -I- 4- -^ '^ J?t! 



♦- >o *^ 1- o 

Oil <^ "t: q 'I 

so +^M -^ 

^ 5 q 5 ^^ 



1^ £?\ Ji ^ O 
<>, « Cfi »^ c\ 
t#l 1- *| o & 

^ ^ '1 "^ *. 

%C50 O rf ■*- 
» ri r4 r- uv 

iS 






^ 1^ <» bO ' 



30 H 00 

O O OS Ch CN 
**^ Ti" 44 r* fl 



ufi r- r^ tr^ es 

W^ — NO cs O 
TO 0^ Ji » S!«3 

» q, '"^. q 

fj ^ r*^ #v^ 'Jl 
00 sa Oh O "■ 

r^ <^ o^ "^ ^ 

i--y> wfv * »^ 
(X c^<^ e\ OS 
^^ H r^ ri^ rt^ 



f^ ri^ ffo. f*\ t*^ m fTi. r*<i 



O 1^ &, t-- Ov 

<i r»^ Os ^ O^ 

uj q^ »^ 'i.t 

f-- ri?t '♦^ N iJ^^ 
Q (W 9D '-' ^ 

t^ « (JS 9^ ^ 

^-yj r<» q 
^ ^ ^* ,^ j^ 
r^«j ^ *:^ 
^ _ « O (X 



rii — " 

if 






8CS qK &,» 

M^ 4^F rl #* ri 
-4- -J- + -«-^ 



ri «^« M *J5 

N brj ^ 0\ O 

c4 — ^ ^ "t 

•Tt en m cr^ «*i 

^ Mi SJ Lft <^ 

pi oR ^ d"* 

.^ t^ «-^c*P , ■+ 
c^^ Cj^, CFj t?; 



— k/^30 

— rl W « # 
•-* t^ Ji 0\ Os 

^ J) CN H ff 

^3 ^ r- + O 
N f" ^ ■*- 

00 "- ^Jaso 
■^ r^ aa *^ *^ 

C^ ^ lf^ LdQ 1^ 

cjv^ *2 ^ '^ 

P^ 1^ inn A^ 

^ F^ NO H 
^O ^ ^JTk + ^ 

o^ CK & & q^ 



'^^±-±J*L±. 



»4 »H< ^ 1,0 H 

r^ O " ^^ fJ 
^ r-^ lJ) tr-o 
Oivi i^ r- »»■ 
m luO H- ri ^ 
^ -I- *^ Ch p^ 
^ d ^^ ^ 

^ <*. t^ MH o^ 

- 4^ ^ ^ 

rt 59 NO •*■ r^ 
vs vs cs r-. -- 

- . G r^ ►^ 



;s 



1^ ^ ^ 5(? 



&H 



rft O 



uy^ iJi trfy —^ 



Os "T-.c^ '■■Ci 



#i C?l ^ CK *^J 

ujvo "JT^ os :; i. 
-f ov o ^o <^. * 

^O ao -^ pi " ^ 

t1^ ri '^ **; 

ff^ SO CS f J I''* 
qc3 fj Hi — — 



H- ii, ^1 *^ * 
ON C?N £* OS £S 

CK OS ^ ^ ^ 
iJl Jl tJ3 Ji_h 



¥5 CMl^ ■ 



■ SO 



- f ^ -t- & **^ 

6^0 O Q **' 
BO c?^ »** O w 

« <Jl O CN «^ 
w%(<5, *^ t-- TJ3 

8^ -^ r-^ ^Ji 

kw^ ;]. C7^^ rJ 
^ t- '^*. *^ O 

^ f^ ^ P; e^ 

l^BO W^ -^ OS 

r»> o ':; f * 1^ 

- V3 OvHO On 

^ ^ -4- ^<j^ 

■+ ^ 0\^.ts 

^ tl "^ O ui 
^ J" J" p" fA 
0\QO CI& D Ul 
Ov CN ^^ CS *^ 
Os " *l- f " 

r^ 1^ r-. ^-j^ Lo 
r? — o" *^ 5o 
r^ OS ^ + * - 
*n»^o 1^ ■+ 
C> & — 



it 



O £^ — ***« 






o o c\ * ^^ 
^ Jl <+» ■+ **^ 

I'l^ f*\ f*^ •^ T^ 

3^ J* -t^ 1^ cT 

CN -*-» rt r- 
— 1^00 H t^ 
c>4 1>^ r^ H ■« 
*** * ^ **f "^ 
e^ <>; C^ Csoi 
0\0^ OS— ^ 
C\OsC> 
CMIS gs - - 
^OvOS^ OS 

ij> L/r %/] >D T^ 



*0 k<3 f'ft O N 

ri^ocf r^ Ji r-- 
^ ^ tj) c\ f* 

(>n\0 ei^ r*> (S|h, 

tZ -^ cf 4-^21 
r^ fr^ wTj *o i^ 

Q On r^ -* » 

nn r< r- & *rt 

- ri *^ j^^ 
<^«°. t '^ "^ 

." ^ r^ ^ ^ 

so CN Jl I -' **- 

00 1^ Ov C\ 

^ -. ^^. 1 
■^ n^ «t" 9^ O 

la L^ *4 r> -f 

1^ - r^ q q 



\0 P" 

■^a Ch 






Ov *^ f^-T M 
^ ^ c^ +•« 

^- ^ "^ 2 s 

»^ rtOO + 
«> (^ ♦- -t-^o 
^ . J, i^ #. 

O N Ov*l " 

♦^ *t; f 1 ^ "i 

fr^'O Os N ^^ 
» t^ On -*-« 
CS rJ to Cf\ r4 

O mD On t*.55 

V^to ^ r^ 1^ 

C?\ ^ & On Os 
On On On C\ Cs 
C% On OS Cs^ On 
OS Os Oh, On C% 
O. Ov Oh O^ O* 
^ji ilJ; • Ji lJ^.! ^ 




^ O 0\ '^ - 
^^ i^ ^^^ t^ 

rt ci » « O 

K 00 *- v^ O 
— ON^n " p 
ft 00 *^ ^ q 

CKOn OSO 

^ (JTi N V y 
-r ifl^O ^1 q 

'^ ^♦■^^ d?: 

f^ M ^ 4- Q 

Rj " ^r t S^ 

TJTi r^ 0%=* X 

^ H* f^ On, j- 
q^"^ q. q 



oo o »iC f^ 0^ 
ijs f*^ & Os *> 
p^ao f-H ^ qi 



■o 1^- "-« On On 
- so O O 1^ 
O -> O W5^ 
f*^ f* t^ t^ if*^ 

>q t: *l ^ " 

Ln " tv^ I- tn 

Tt-i^SQ r- OS 

og PO CPV OQ qo 
N ci H N H 

^ ^ ^ ^ ^ 



3^0^H - 

d^^T C ^ f^ 

*VN T<rh ri ri H 

Osqj On^os 

-I- ^ J- * 



" -+■ f^ SO *** 

H q *^ '? j:! 

40 UF> »*i\0 « 



Oh.ifl i 



-.i- *^ Os *a5^ 
a o ^ o o 

%fl -♦ lO pv ^- 
r- Oi — f ol 



On Os On ^« 
(4" frl li H <4 
It "^ '^ ^ ^ 
4^ ^^ ^ j' 



'^ H *^ '^' ^ 



^ q " T "ti 

i#3 On r<l u^« 

^ »A *J » C 

□o 00 9a ^ >- 

^ * -<P -f ^^ 



♦ O ^ ^ '** 
I^OS O H "t- 

'^ ** q f*' T 



r4 9T r4 f^ fi 

* ^4- ^ '#' ■*- 



>^ o& f4 & ^ 

W5 H O •*- On 
■-f-NO H "^ On 

00 

"<) _ _ 

r- OS ^ Si *:: 

O ir -If- On -Ji 
t^iyi l^ "^ ■+ 

O On H tr =*=^ 

^ o i-9> q 

N \d 5^ ^ r* 

-f ^'rh ■+ O On 
C\?JO pa ^*" -^ 
r^ On H *i '^ 

(r^ NO DO r- — 
O ui OS ^ *1 

s^^:a8s 
^^^^^ 

— h^ ■♦^r^ **^ 

NO 3&0fiSO i^ 

UT! i^ QC ^ vT/ 
t- C4 *^ *i 00 



OnOnO Q 5 ^ & Gh^^ 



s;s 



Oh^CS C^ OS 

rx &Y c\ O^ 4\t On O, Cn. O^ Cs 
£ 5i O^ C< O. CS O. N^ £► ^ 
S & OS 0\ Osi &. Ci. Ov c^. D^ 



JQ «3 G4 CA OQ 

c^ On Os OS On 
& On OS C^ O^ 

0^0\0k0\0v0s0\0sj2s«% 







*-. On 

O tA - -- - 

^ Jq '^ »jj 

H tJI ■+ On ^ 
OB r^ r>- O o^ 

- -:; t*; t 

NO 'O »** "^^ 

H «,OsC^5!j. 

^ fj r- q i^ 

J5 tC rT «" dC ■-; r^ - >2.^ 



u^ r^s ^ r*^ ■* 



r^- On ^ i*^ 
— t-r^ OS H 

"S^ o" o: f 

&OC, J- p^-^ 

jg rpi>A — 11 tfl 

^ ^e j^ rt - 

O *->0 *e t*N 

J3 J^ T^ O ^ 



N Oi ON On y 



^^ y 



liili llll 



^0^3^-F0n1 

o^ NO t^a* ^o 
rw q 14 #^« 

^ ipfl k« ^ ^ 

Oi <-H V> *" WN 



J3 Lin K ^^ 

1 q *r 1 1 

t:: ^oQ i> 

Osac ea r- a 

ir^>^ ISA ^ Q^ 

-* fhl r^ 4A CS 
^qjicl w^q 

On» r^ii^'O 

*4 r- o\i**^ * 
*<^ rt -^ vn O 

— cpo r^tto ^ 
'^^^^ -t^ ^ 

r| *^ so *S !1 

<5 t/> U5^ 



°°^^jrlTi^"-^3f^-"- 




^ 




o ^ 2i «, k ** c " 






If 



t/ ^ » 






S = CO ,2 



.3-5 



5 -^ t^ tft 



S c 3 

S o e j= '^^ti&i 






2^ 






rfs** V 



5 ^^-S^ 












^M 






V 



JS =10 a » -" 









1 ? 



Ov VN rrv •* 

«q VNOp 

00 00 ITS 

OS oo >^ 

V-. M^ WN 

V5 SO ^ 

I - Th 

O ^ 

,^ ^ 



^ S3 :f 



QO 





I 



^ OB V V 

J *-^ u = g t!^ 



" o S I.^ "^ 



'^2 0? 






HCf'i 



3 5<S s'E-S'SSjZ-'ii 
iji I- -^ ^ t; .^ ju. *' = . * 






















•« - »- g .5 



Digitized by VjOOQ IC 




^ 



Ji 6"= o 

^^ - 
' St? y 

.•a B o e 







rg^-a 



•«i<i 
^ 

^ 



— ■ ^ "^^ 2i ^ -^ 

- o. ^^ 














€ * II 8 8 



.«-*sl 



:|j| 












6 



j^Aiill I 









tl^ 









•£ ^ .*j e" S -a. *• ' 

«^ Arf C V S ^ VJ 



tp 



ti. ^. E o o 

tal *• X . P^ « ^ 

iP^^ ti[i-S:H:|. 






Digitized by VjOOQ IC 



O irv^^ H O G 2 

o •! "^00 •;: "^^ 

,J ^VO r- 0\ ^ (^ 

5 w t i: i: 












■% OV: t^ «■ 

-Xt r*S t^ '^ 



* o ^ 









■O Of? OS -t 
O '^ CO *- 

- -^ o -t 

ifT c*- *r ^f 

rt fJ O [1 

- "^ ^)S 
o <^ "**^ 

to-, so O -^ 

^-^ l*% *rt 
-* so OS 

^^-^ 

- ^" 

CO ^t,"; 
**^ *1 ^ 

H &q «^ 
tl ^ "^ 

lA ^ i^ 
CO i- ' 

-t ^ , 

O 1- 



,^ ^ * 4>« 



+ 






Ox] 



PS 



<:i 












Ok 






o 

00 

o 

o 



% 8. 



Vi 

u 



NO 

r* 

o 

I 

'8 

% 

1 

lid 



I 3 ill 

y c ^ ^ o '^ c 




Digitized by 



Google 



C44 3 

ile Method vf conJtruBittg the natural Sines, Talents, 
and Secants, iy Mr. Sharp. 

ACbdfd or Sithenfe is a ri^ht Jihe conneffing the 
cxtrethities of an irc^ as FO is the Chbrd of 
the afcs FBO artd FDO. 

A Sint (5) is h^lf the Chond, or a right Jiftc draWa from 
cme end of an. arc ralin(g beTtiteridiculariy bn tne diameter that 
tcrmmatei m the othfeir end; FR ik the Sine of the arcs FE, 
and ^D. 

The Radius (r) is the fettiidbnictcr, dr fine of gxideg. and 
is the grcateft df all fines. 

The Co-fine {cs) is that part of the radios, which is inter- 
cepted betwixt the dcnter and khe fine ; dr it is the Sine of the 
complement or diffcrertce of the arc from ia quadrant or 90 de^. 
as CR=FW is the C6-fmc of the arc F&, or the Sine of it^s 
complement FB : E/9 is the double of the (^fine of the sUr D? 
or die chord of it's /upplcment, Viz. of jiE v fo Ey, E^, Et* 
E«, are the double Co-iincS of the arcs Djx D^, D*, D«. 

The Verfed'Jine (t;) of any Arc Icfi than 90 deg. is the ex- 
cels of the radius abotrc the co-fine of (he ait, as E3i.=sEC^GR 
is the Vcrfed-fine of the arc Ffe. The Virfed-fine of a ^rearer ire 
than 90 deg. is the fum of the radius and the co-fine, as DR 
»aDC+CR is the Verfcd-fine of i^D., 

The Tangent (/) of an arc ii a right Ime perpendicidEir to 
the ridius at one ertd of the att, and termhuted by another 
right line call*d Secant (/) dra^ti frpm the center, thro* the 
other end of the arc \ fo EH is the T^^S^nt and €H the Se- 
cant of the arc FE. 

The Co-tangent (ct) and the Co-fecant (cf) of aa ire, are the 
Tangent and Secant of the complrment of that arc- to 90 deg. to 
Blis the Co-tangent, and CI the Co-fecafttof the arc fE. 

The ledgth of any Arc is readily obtained from the propor- 
tion of the diameter of the Cirfcle to it?s ciVcumfcrcnce exhi- 
bired by Ludolf Van Cetilen^ firice protortg^d ^nd confirnl'd to 
74 plAces by Nfr. Sharps which is as i to ^- 141 59,2 6535,8- 
9793* ^3846, 26433, B327p,56iB8,4i$7i,693i9$,375io,582. 
<^9>74944>59^3^»7S»^4.»o52-f-^^- This ndtitbcr {^t Radius 
being 1) is the length of the fcmi^riphery^ or arc of 180 deg. 
whence the length of any arc is tafily found ; for the Idnj^th of 
tlie afcof i wi;r. is (tvPv5)o.ooo29so8882^o8665,72159,oS 539, 
4846i,4i477=M. AndM tnuM^ltedby the number of -minutes 
{a) comainM in any other arc, gives rfic length (A) of that arc. 

4* Hence 
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Tangents and Secants, iy Mr. Shdtp. 45 

' licnfcis by ^r I)aac Newtot^s Series, publifhM by Dr. Hallty 
in PHI. rrar^. N*. iip; the Sine, Co-Hnt, Tang(?nt, Co- 
tai^t. Secant, and Cb-fecant <rf any arc arc readily found. 

• / • »4o J040 ' 5«1j£0 399rf«(» 
It . »- . AU "^ ■•>-'_ A»» -I I a»y. 

-. — ^ • A" 4- » A»t «v 

lirtf45ioo4o683aooo *^ 5i^^4iT7i7^446oo5 

0.>..-i-JA.^A«-^A. +,^ A* -,-5555 A" 

~ 479<>Mtfoo -^ — «7i78j9t2X» f* t" %i^2789«88ooo •"• ~ 

' ^Tf -Ti r A" 4- ■' - -t-i„'-i I A*" &f. 

<40»373TO57«8ooo ^ a4)£90io68i 7 6646660 

%«r taA+f A»+- A' + 4- k-'Jf 4' A*4-^ A' « 

' 45 W 47aj 93JJ5 

-J^K A"—- ri-r^A^» — r- ^?% ■ A '^ 6ff. 

<]85i«87j 18243215 162820783125 

«4<»5737057a8o<> 

C,yi«« =A-+} A + ^ A. +^ A- + g^ A' 

• 3421440 » 6jpJ7i540oo • J7J62124800 *• 

JJ35J^**i 1440000-^ ^^• 

Let the Sfecs awd C6-fines rfthe Arcs t)f 5 *»^"''- ^"^ ^f 29rfi2-. 
Simin. be fought: The number rf minutes eontain*d in the former 
Arc is 5, aiid in the htter 1795 ; thtttfeit o.ooo29,o88«l €^r.x5 
= 0.00145^44410, 43318, 60798,677 — is the length of the 
former, tod 0.00029,08 88 2 C5f^.xi795 =360.52214,43345,54970, 
265096^ the length of the latter: Putcach=A. The 
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S5P849548 A* 
. 040022 A^, 



Of ConjiruBing the Natural Sines ^ 

ITie P^ifs tfhforo dcg. 5 mia , | The Powers tfk fir 19^ 55^ 

A o.ooi45444io4J3i8^o798o)7 As=^0.$iii/My3A5f5A91OfZ65O%^ 

i42j5,4^d7i»97*74i^4?»M 
7422196829,7451 5,a2a6a*5 
. 3881,08228,5441 0,1 537 J^ 
• 2026,48512,72846,82194 
. iD58,ii77z,82ti6,0457t> 
. 5 S»i490i7»7 1091, 95815 
. 288,47961,58748,3767 
. . I5o>62799,7o63640f 

• . 78,64955,52921,59 
.. .•41,06641,97110,7 

. . 41,44259,8404 
. • .11,19613,1269 

• • 5f84599i<55'i 

A'!^ . .3.oji45»J9« 

A«' . . . . i,5938i,i54 

A'« 83220,489 ' 

A'^ 4345^1107 



A* . • . • 211539874851880971 1 A* 

A* 307672276285175 ;A» 

A-^ 447491186523 .A* 

A* 6 ^ 

A*^ 

A'. 
A* . 
A^. 
A'«> 
A'' 
A'* 
A«' 
A'^ 
A'* 



A 0.00145444104332860798077 

tItjA* 54^374^ 



• A+rkysk'o.ooij^jAUi04iii^66ziiS^i 
— iA^ —51278712714196 



$De o** 5'. . . xuooi4544405^o54i 53507^27 



l-f-iVA*.. i.ooooooooooooi86454^^'^5 
— f A*. . . .— 10576993742 J94<H86 



Co-fine o« 5' = .99999894*3<»^» 219 J2430A 
vhich is the Sine of 89^ 5f • «^ alfo of 90^ 



22688,79} 



5'; bccaufe the Sine of a greater arc than 90 
Jig. is the fame as the Sincof it's fopplemcnt 
toiSodeg. r 

STfc Pewers of A for 29° 55^ dhUUd hf Oe Mvifm nf the Co-effidewiief 

the im Series, 



A*' .... . .11846,84 

A»* . . . . : 6185,76 



Series for the Sine. 
A 0.522144334554970*^5096 

i2o;a'( 323423523786751*80 

362880; A^( 79497a48<J427^ 

6227020800) A»H 344347^3 

g55687428o9&c.)A«'( . 45 



Affirm, pa rt . . 0.5 22467 766028 5 163 154^^0 

6) A^) 0.023725777866212440546 

5040) A'( ...... . 209943993704^834 

29916800) A»»C 19703371838 

I ^076743^^8000) A' ^r 44705 



Ncgaf part -.0.023727877325852903923 



8inc29'* 55— .4987398887026634115 37 



Series for the Co-fin^. 

I .ooooobboooooooooooood 
24) A'^( « • • 3097070123938134275 
40320) A'(. .. 137026333608431 
47900 1600) A **( .... 857333665 
20922789888000) A'<^( 1459 



Aflir.part i;oo3097207 151 12937 7831 



2) AV . o.i363i7353oj39263576ia 
72o)A<^( . . . .28145626767842807 
3628800) A'"( • . ..415090379915 
87178291200) A^^i .... «/i28428o 



Neg. part 0.1363454990957^5864614 



~ Co-tine of 29^ 55', or theSine of 6o« 05' ... . • .866751708055343213217 
. Out of which fubtraft the Sincof o 05 . ,. . .001454440530 541 5950 j 6 
There remains the Sine of . . . 59 55 • • • ..865297267524801678141 

Out of the Sincof 89 55 99999894250081 2x95245 

SubtrafttheSineof 29 55 49873988870266341153? 

There remains the Sincof. . . 30 05 501259053598148783706 

Since ihefe two Series converge the fwitteft next the be^nning 
and end of the quadrant ; no more than the firft and laft thirty 
degrees need be calculated for making a Table of Sines, becaufe the 
intermediates may be had from them bv fubtraction only, as above. 

TABLES 
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4? Of Qm^mSing the Natural Sinej^ 

In the preceding T^\>1^ ^^ the p(^wi;rsof the kpgrh of the arc oF 
I min. ana the Produ& ofeach when multiplied by (f e^ (|ivided by the 
divifor oQ the reipediye co-efHcient belonging ta each tq[m of both 
the Scries ixx (he Sine and Co-fine ; and alfo the Logauithms of thofe 
produAs, and(:o-efficients; fp that the po:wers of the nunaber of mi- 
nutes contained in any Arc, being mukiolied relpedively by thofe 
produ6b, give the fcvcral terms of the sSbies, for the Sjpe and Co* 
line. 

Thefe Tables (having a proper Title to each, and the numbers 
in all belonging to eadi power bdng in the fame Untft with ^ 
jRrmbol of the power pre^x'd in T^\t |)t^ po c^l^ explica- 
tion than that the $^re$ in the fir^ and fecond T4>1cs endofed 
thus ( ) denote the owx)?^ ^^ ^f^^h Pf deqnial )^laces» ;hat 
muft precede the firft figure of the following number* 

The Ufe of ih^fir^ Table was pnr^qp^lty to ooipp^fe the fe- 
cond ; though the Tangent, Co-tangent, Seotitf, and Co-fec^ntjof 
anynumber of miipte^ ip^y be estdly m^e thereby from thdr proper 
Series ; but the Sine and Co-fine moft l^ily ftom the 2d Table 
as exprefsf d above ; whereof I (hall ^ve an Eai^ple in making the 
Sine and Co-fine of /^deg. symin. wUch being n^ ^5 deg. is as 
laborious as ^xiy tk^ c^t^^ prcfX^Mt 

Let 44deg. ^j miH.z!a26yjmin,.r=^ V ^^ powers qf a muft be 
rais*d, which (fince a cpnfiits only oif four figures) is dooe ttiOje expc 
clicioufly |han the powers of (A) t^e len^ of the app can be; 
becaufe A m^ cpufift of lb matiy pla(:es as a|:e m|ei|ded in the 
Sine feught 1 yet here a flue acp^mt ik)\^ tpe |^ept of die number 
cf places every power extends to[ tho* no more ngqrei ^ed lie ex« 
prefs'd in any, than are required ThePpivefi^ 2^7ea«. 

mthe Sine^ fewer will (u%ein ^« U} 7677 
moftj the realbn i^, that after ^* (7) ii66$i9 
multiplication with the rcfpeftive #' t^O i9>?|S^*7j| 
numoers, wz. tnoie wnicn an- ^, ?.^ ig74«o75M7ii7i57 
fwer the fame power in the fe- s^ hi) )d8o}J9J(^QS77^dl9289 
Gond Table, the number of cy- ^^ (14) 985^220^301^84^28607 
phers preceding the firft figure ** ^^ 263 74^66^5 f< 1/08947 68 

clctermmd. ^«« f^yS J05978523106075850705 

In the adjoining Table of the ^i'* uO iJJ45<H5^3549^J052j4 
powers of 2677, the number ^\\ (4s) 3^^^085635122413 

the figures before it, enclos'd in 41* (ss) 69^61x009^^^26; $s 

9. parenthefis, as the number of «" (■^^) iS6zil»7$'655268 

(cyphers to be prefixM to each «'* i<^^) 498jo«S34<5?7i53 

nower was in the former two of *1! 5*^*) i?H50«4J7«a3W 
power, was m the rormer two 01 ^». f^j,^ 3j7»4<5o4o«5939J 

the forgoing Tables. The 
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^CVcW^ «f'.) *• TaMc 1. •*«^t, a, 1^. c,^. ^i, a'*^ «»Sf*- ^ ^f 

MKabsAs 0.77«7O773459?i J^7I?JM* 

fM«J^I!s5fA^* . . . .»ai7iQi574J 
iiM*7>UH^;sbA'^ '4fiP^I» 



Afiniupart o.78io»H3>7SaP5o^8^7;5p 



iter the Golbe. 
I .oooQpDopooaoQpoopooooo 

VMf«4^«9Jb'4^ .■|5JW9858(i3784<^i«»}» 

hli'^X^'^rrKA '^- . • 87J7i9f 

A|S^. pan , , i*oi5SH339^9Q545oo4^^74 



cM^xii^cacA.'' . . . 344501)13664126849 
cM>'X4"?=£&*' • • • <KHi484f^^<$98o 
gM'*>U**=agA'« ..,••'. 179522015 
iM«*Xii»*e=aA« ^ 7^9 



>fcg. pan -^^78^$S995l^»34^S346i74 



Suae |4^7''^7oa3^H;*^^<>9j5'i»38*5 



a'll^XiiHaa'A^ 0.30319286796148106^5065 
^'M'^Xii'^ssac^A^ . . . 309680900692 545790^ 
€rM*«'JOfJPeirffA««. / .'. a:tj9}4i55«57 j6i 



M)0|^4m'A'* 5458a7562; 

"iu' >g^>'* ; 17314 

Neg. part . .— 03035025714648429333269 



Co-(iiie44^ 37' 0.71 iSai 767825 70^^9713705 



A coofidcnMe part of the laboor jbodi hi caifing the powers, and multiplying them 
hy the wtaoJhers in the ficond Table in this tnetljod, «r h^ the ca-efficients of the two 
Series in the fermer, may he faVd, in worhing by tfie Lo^thtm, fpt ^hi^h the third 
and «wth T^Mies anay he yetyrcnriceid^^t effoctally when the F6wd:s aTctiuf high, as 
2n the preoedtn^ isxample* 

Sttt, The Indices of (he t«aritl)aw ip (te ^vA M faatOx Ta^fctJ^ 
«m %pM afetfdwfimeJcinSwiththqjf pFthe ^bg.^si^ Tji^a^c^ Oc. 

^fktm (jf A ftr z^" 55* mltjj^ifihp^ * ^ 5r * ^f-)At/<p>n4.t^qu htmim 

•, • S»»9907<5 

.... ^ • • • » . . ;»3iMPft<So 



jtA . ,. . .... a5^*|^5^ 

■A* r .47« '5.557 J 

*A» ........ 7j.5477M 

dA* . i . . . . . i5j6«9b2 
ciA/ * . . . . <97t«al 

^A-'^ .•.•*•.•••• • 77W 
«A?.* «4U 



.feA" HO 'BA"»4iA«' .... .••,;, 

lA'>,:H=f"' ;-/.' ■•.'?^ Meg.p«t . . :. . .Vr-7; ;ij>5i>p^sjill 



«A^. 
CA*. 

4;^ 

4A'» 

ltA"lA»'+5)^»-» 






i.9^5mr5945oa» 



V8jr7^4?i 
► ^0976781- 
/ 231717 1^ 
. . 256035/ 

. . 3i;i6 



fiacant 19' j/ .... . i.»J37}2544"70 



iATy..i.9i5 

-«A . . . ..■a7dJ40yj7^;,i< 
)i)A,5 . . , . i.7f 800741 77* 
cA/ 7957ifty4i7 

ff' ??«i?07i7 

>A* £155014 

f A" i;oi4(J 

|A;'^....,...47oo 



Co-fecint 29^ 5t' . 

h 



- ^^ 

2.0050531^31759 
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CO OfChnJtru&tng the Natural Sines^ 

Altbo* die Scricf for the Tat^emt md SecaMt conyerge fo flowly, tfcat 
except near the begmning of the Quedranc (where they are of cscelleae 
Ufe) it wet cbetter to ntke the Sine and Ce^fiM firft,aiid from thence dedoce 
them by the proportions given in page ja, yet the two Seriea for the Cf. 
tangent and the Ce-fecant are of mqch quicker difpatph, as miy be fceo in 
the foregoing ExaniBlci. , ^ . ^ ^ ^ 

Nete, The rer/effine of any Arp ia readUy bad from the C9.JSm i for 
if the Arc it left than godeg. then Vssf^-^€S^ and if above ^oMg. V^=t 

^ PROP. I. ^,^ 

Fig. u Tbe Sine of an Are FR being given, to find ifs Confine CR. 

CFf— FRf=£R£s therefore ^CFj— FRjoCR, i.e. ^rr—is e=ics. 

P R O P. II. 
ne Sine of an Arc FR leing given, to find EV tie Sine of half the Are. 

CR is found by the firft, and confcqu cntly ER j then •FRH^EaJpssFE, 
but I FfesfiV % thertpfore f v^ix— Vf;=i | Arc. 

PROP. in. 

Te find tie Sines ef tie d^ble, triple^ quadrnple, jnintnpte^ &c. ef any 
Jfc wbefe Sine is given. 

Let Oie chords D/i, fy^ >/> /•> ss be all ecual, draw the chorda I>>f D/t' 

Df^ Dm, ED, E0,£>9 E/, £<, and En produced/ draw the radius C^s en4 

make >^fe=3D^, /6bsDi/^, fut^sDi and ^^«=£^, >/be=s£>, i^^vssE^, si>==£e, 

iKr=£s then are the Triangles ECfi, l>6y, D>Ct D^^* I^*'^ ^^% ^>f^9 

£At, Eff, Ewtf-, all ifofceks and eguianguhir. In the triangles Esa, E^^fc^ 

the angles E0\, Efiy, are equal, the Angles £D0, E^^iB being fubtended by the 

fame diagonal £^ do both together make tiiro right angles, fp alfo do the 

angles ED?, /bDai therefore the angles E>^/i(»;sDA are equalf but ^s 

pssEyj and Dihssfiy by ponftrudion, therefore the triangles Ey$, fixD are 

eq^al, conlcquently Das^^ i in the fame manner may beprov'd fifossEl^ >«• 

MEc, vTetsEiri likewife /CbD/s, i8sJ)>, axsDA Therefore (i) C^ : 

£j8 : : D0 : D>, L e. radius : double theco*fine of an Arc : : the chord of 

the arc : the chord of double the arc (and halving the latter t^o terms) 

: : the fine of the arc : the fine of twice the arc i ag^in (a) G< : £^ : ; 1>y 

: DC : s I D> 5 1 DCi i. e. f ; ics Arc : ; ^ Arc : ^Arc4*^S Arc; (3) 

C$:Efi: : f D/: f Dfl, i e. r : 9^i Arc: : 13 Arc : iaArc*f 4 Arc» 

(4) C3 : E? : : f Di : tD;f, !• e r ; a^jArc : : i4Arc : /jArc+ijArc. 

a^ain (5) Q : E/s : : f £3 : f E^, i. e. r c ari Arc : : the cp-fine of the 

Arc : the fum of the Radius, and the Co-fine of double the Arcj (6) Ci : 

E5 : : I E> : J E/x, i. e r : a rj Arc : : f/a /ire : f/ Arc-f-ri3 Arc j (7) Cf 

tEB : : ^Ef : ^ Er, i. e. r : 2cs Arc : : «3 Arc.: ri2Arc4-^^4Arc 1 (8) 

Cjg : E.3 : : f E; : I Ef, i. e. r : ar^Arc : : «4Arc : cs 3 Arc4<i S Arc 1 (9) 

C/S : H73 ! * f En : I Eff, i. e. r : a cs Arc : : f x 5 Arc : ri4Arc4-« 6 Arc, 

8rc. £:c: gr iS^ppofe D/fe:j8y, 8cc. bejroiivit's fine is .00145444053054151 

t.iP.i; r^.flius=:i ; 2cs 5 niin. s=i. 999997884(50 16a 44 : : /5min.c= •0014544* 

<v^S3954iS " J ioinin. ca;.9Q»po88779843<J«P (aj r ; a^J 5 min^aeiffp 
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Tangents and Secants^ by Mr. Sharp.' 51 

fi?r. : : s 10 mm. =,oo29o8 fcfc. : 5 irtin, -f j 15 mtn.sa.O058 177498. 
152881, out of which fubtra^t s 5 min. 6014^ Wc. there refts s ig 
K004^633092847466 s &?r. a^dn by (5th) r : 2rj 5 min. =1.9999- 
97884TO10244 lies 5 min,= .9999989423008 1 22 : i-f-^j 10 min. 
=51.9999957692054862. (6)rx2cs 5 min. = I.9999978 6fr. : :cs 
ib mm. 999995^692054862 : ci ^ min. -|[- Vi 15 min. =1 1.999989- 
4230215467, out of which fubtractri 5 min. =.999998942 6f^. refts 
c J 15 min.= .9999904807207345 (7) r : 2rj5 min. = i. 999997 8 dfc. 
::rii5mins. 9999904807207 345 • cs 10 min. -f. rj20min. =1.999. 
9^88460632304., outof whidi fubtraft cs 10 min. =.999995769205. 
4862 j refts ri 26 mm. =.9999830768577442, Of ^. By this laft me- 
thod after the firft Confine is obtam'd, the whole work may be accom- 
plifhM ; and it has thele advantages, the two firft terms are invariable, 
the firft being die radius =1, divifion is wholly excluded ; the fe- 
cohd being fix*d, a fmall Table of it*s products to 10 or 100, turns 
rootdplicatioti mto addinon ; from the fourth termthe (Sine if had, or) 
Co>fioe of fuch an Arc ftiuft be fubcrafltod, fts is fo much lefs than the 
Arc rf the third term, as the Arc of which the (Sine or) Co-fine 
fought exceeds it ; vkt. fo much as is the diftance of the firft in that 
rjuik from the banning of the Table. . 

PROP. IV. 

Jimug the Sines rf the firft cr luft jo dig. of the quadrant given ^ 
to find tbofe of the middle 30 deg. viz. of all between 30 deg. and 



Make the Art DL^^odeg. draw the radius CL and perpendicular 
thereto, the chords MG lefs than 60 deg. and e a greater than 120 deg. 
dni^MP,eh parallel to CB, and SG,ah to CD, then in the Tri- 
an^MQG, ahe the angles QMG, hea are =130 deg. therefore 
drawii^the femicircles M QG, e h a, 'tis manifeft the lines QG, ha, be- 
% the chords of 60 deg. are equal to the radius MK or KG, and e g 
Org a. In the triangle MQG, MGj, (is:4GKj)— QGj = MQj ; 
but beaufe GK=: QG, gGKjts MQ^, therefore GK x -/3=MCb 
and YG (i. e. PQJ + GK X /3=MP , that is,, if to the fine of an 
arc lefs than 30 deg. the fine of it's defeA multiplied by ^3 be added, 
the fum will be the fine of an arc as much exceeding 30 deg. The fine 
of udeg.= . 190808995376545 multiplied by -1/3 (^-7320508075- 
W8773) produces 330490874533350, which added to the fine of 19 
deg. -=.325568 154457 157 nnlakes .656059028990507 the fine of 41 
deg. In the triangle e h a, e a^ ('=:4 e g;) — a h^se h; \ but becaufe e g 
= *h, 3egf=rehj, andegxv^3— eh =sek+kh-, therefore cgy^^ 
rrtk:rkhsras5m, that is^ if the fine of an arc greater than 6q deg.be 

ha multi* 



y 
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■ S^ W Confiru^rtg the l^aiurat ttm^, 

tnultiprrcd by 4/3^ ancl out of tKc prodqS: the fine oF an arc wasitnig fo 
much of 90 deg. be /ulitr^i^cd,. the remaindler is the fine of jA arc fb 
fniich exifceding 3odqg. the, fine of tidxif^'sz^^isK^isiS^iziz 
niultiplicd by ^3U73^Pio^ ^^'). proluces «7»9i4^4^5.49$73^» 
from which iubtraJ^ing the fine of 6^ dcg. = .$*o^048i534j;i440 
there remains .7986^551004-7293 die fine 53 deg; 

IP R b ^. V. 

ffirt;ftf m Jhe Sines mB& <d ^. to find all ^thd nfi Jf adMan bnly^ 
'<ir hdnfing all ah(^e 36 ^. 'iojihitbt Sfbfesrf ibefii^ ^Beg. orba- 



" In the triangle UqQ, MK=<5G (by 4*) tWefore tU-^-Ut'^ 
SG, di»t is, ^if to thp fine of kny arc ZM Icls than '60 ^cg. die fine of 
the Meet K>!l be added, thefumjs the fine oif an arc To thuch exceed- 
ing 60 deg, Tlie Sine of 41 icg.ac 6560590a 19905074- fi^c of isfdeg. 
*-325568i54457l57, nukes fine of 79 deg. »8 16297 183447^^4- 
Alio in the "triangte eh a, eg =ah therefore eg— cm {i.ehp) = 
p a the fine of the arc B n, that is, from the fi'ne of to arc excefcding 
60 deg. fubtrafl: the fine of the cxccfs^^and there will rcmdn the fine 
of an arc wanting fo much of 60 deg. The'Snc of 67 deg. =920304- 
85345^440 — fine of 7dcg. (i4 1869343405148^ «= fine ot 53 dcg. 
i= 7986351510047202. ^ ,. .rr 

By a continual Meftfon (by the 2d) *the fine of an arc a little Icls 
than I min. may be found, and fi^m that by proportbn the fihfe i "min. 
fiut the fine of i min, may be obtained from the ieiigth of it's arc by 
the Serieis in the other method wth thcpnfprably lefs labour and 
greater exa6lhefs, ffom which (by the jd.) the fines and co-fina of 
all arcs iinder 30 dcg. being doniputed, the reft arc )iid (by the 5th) 
by liibtraftion ; 'or having the firft 30 d^jg;. *madc (by the 3d) all to 
6odte. fhay ife got (by 4m) and all the reft by addition (by s'ths) ^ 
the laft 30 deg.^ing obtain'^ (by jcl) the reft sLbovegodcfg, arc made 
(by 4th) and «ic fi A 30 dcg. by-fttbtraftion <by 5th.) 

*tbe Smrieini ^aie, the Tdngetas and Secants -are thus tltaitt*d. 
The tngnd^ (JI%. <:!WF, <^H. dtt 4ft! eqfiafigttlar; fhto CR 

CW; :CM^m) t :CB.:BI. i.f. Si* :'Co^ : 'Radius : Co- 
^^^ %• ^^ -GEtCH. ,-. ^. Qvflne:Rjid.: : Riia. :Sta*t, 
•iKlCW :CF::CB;a, ;.r,Sioe.««d. : .-•Rrt.fGrfctafttt. 

AN 
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I II f I - ' 
A K E A S T 

Qmdrmm-e of the CIRCLE, 

from i^3 Of Vt% ammumated hy jDr.HAX^LEY, 

MANY have been the attempts in all Ages to exhibit a fqiiare 
^ipMil to the ar€a^ti Circle^ ^r whidi 16 aU one« to JSnd the 
ratio of the diametet to the circumference : This A^cbimeJej 
near t^o thoufiuxl years fince flieW*d w he adudy as 7 to ai ; Md 
conft^oendy the area to the drcumfcrib'd fquare as 1 1 to 14, content- 
ing himfelf in fntall and int^r .numbers : tboc|gh his method was 
capable of eictream dxaftnefs, as has been lince made appear by tlie moft 
elabomte calculus of Ludolfyan Ceukn. This Gentloman by thexcon- 
linaal triie^OTi di an arc perfonffd by extraftion xX flie fcjuarc- 
root ^uialogous to Mr. Br^s*s niethod for making the firR Lpganihm) 
carried 4us Work lb ftr as to aBire «s, that tist diameter being x, the 
circuniference was 3-Hi5»9*65»3589»793^i3M»^643,3832,7950^. 
t884-, thfe laft figure being ticraa uak lofe than iSie croft. And this 
was fook'diipon as fe valoable 4i .peFfinmance^ that it was engraven 
on his Ton^ftonc to perpetiftte the .menM>r^ tbemof. Heweai^er^ 
it thight ^ ^{udioR% ji^etber it wias res^y R) exa£^ unlefs bv him 
that had taken the painsvtoeitamineikifhrooghotit.; and mdft Kxvers 
of thde nutters have chofin sMitlMrtoftaSce it qpon credh, ihan give 
themielves f hit trouble. 

No* fiodfe'his |ime^ -es thwfe haveT>ecn many abortive Effays to- 
wards a perfeft quadrature, 'by thofc that knew not enough to ifee the 
impoffibihty thereof % fo very; much has been dwe towKnis4acUtta(ttng 
the Ctf/rKT&ri^bymethods far difierii^^fromtbat'Of tffrrUmdkf v^^^ far- 
ticdarly the dodirine'of Fluxions^ anH^of ingniteSeNes, bKttk^f»ren«ed 
by theltao4l4Blftt^ous^r^^^iy^J^^«l;/(?»^ and properly called, TheGemetry 
rfCurvt-lims^ dcch-afibrd us^many folvlions of this problem. Ikmon^ 
them that, which performs it with the leaft work, is derived from^he 
tangpit of 30 degrees b^/|. 

Now the fluxion of the tangent of an arc, is,to the fluxion of iS^t arc 
jtfcl^ as the fquare of -die fc€W« to :ihc:iciuarc»or the raiiias, Whitk 
xmy bcrthUs detno^rated.. 
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54 ^ ^^fy ^adrdture of th Grcte^ from ^ i il 

Let C be thecenterofa circle, CRvhe radiussr/ ARanyaicdf^i 

RT It's tangent =/, and GAT i^t 
fecant ; draw the line GaP infinite- 
ly near to CAT, and the line TP 
wSl be the Huxion (^ the tang^tts/, 
and A a the correfpondent fluxion of 
the arc ^. With thcccntcr G,- and 
radius CP, draw the kifinJiclsr little 
arc UP. Now obfmilia triangular 
TP : UP : : CT : CR, and agaiD^ 
©P: Aa::CT:CR=2CA. Wherefore ^x ^jw 1:F:Aa::CT*i 
CR» ; that is, rr+tt^ is to rr, as / to a. If therefore rr^ be divided 

. ///,/*/ t^iit*i r^, ^nthf 

by rr+U, the quotient waibe r-— +pr — ;T+;r' ^^- "^^^^ 
fluxion of the arc j and it's fluent will be the arc itfclf, viz. ^^—^ +' 
Jl il_4.Jl_., (^c. Now the radius being i, and Ae tangent of 

the fifth power : — %/— the 7th power, (^c. in infimtum. Whence 
'tis obvious, that the arc <rf" 30 d«. is ^^ ^~-\ 1/— - "" 

189^ 3 3 9 45 189^729 

this arc is the circumference of the circle, whofe radius is unity ; or 

the whole circ umference, when the diame ter is unity j therefore 

V" or/2v'3Xi— r+~ — s-+~» ^f- is equal to the fiid 
, 9 45 189 • 729 ^ 

circumterence. 

t Hence comes this Rule ; Divide the (quare root of 1 2 condnually by 

g, and the leveral quotients a^in by sdl the odd numbers fucccffivdjr, 

tW8. thefitft quote by 3, the fecood by 5, thethiixibyy, 6ff. then 

to the «/ 12 add the ■— of the fecond quote.- of the fourth, -L of the 
5 ^9 13 

fixth, 6?f. ininjimtumy and from the fum fubtraft— of the firft 
quotr, .iof the third, ^ of the fifth, Cs?f. in inJinUum, and tbc 
ranaiader ihall be drcomfer^nce fought. . An 
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(55) 

. /• 

An Mmi^0 of thuprocds difpofed aocordioe to tbe inaoner of 
ff^iamy0a0s\Eii^P.R,S. »«««« 

0=^B 384^175460 45 iMoohbU 

p\l\\—'Sr.^,::::::Myr.::::::::::h\§il 
'4l: ::::::. l&', : : : : ; :Si: : : : ; :::::::: ^ 

wsjv m t4W .7! 

SuffioftheaffinnatiTepait ......;...; .... i-S^zmjiiSt 

BsJA . . . i.i547oo}j8979 |B, ; . ; . . o.«849ooi 7046s 

IMC . . .-. 108300059820 ...... ID 18328579974 

FstB .... i42f5562aot y^F 1195060100 

H=|G .... 1J8J951J56 ,|H »05>967J7 

J^U 17J994595 tJK lijf^sjj 

M=}L 19554955 riM 850215 

0=.N 217*773 ^O 8o47i 

S=s^R ..... . 468^ ...... ,^ "j^ 

£jX 'if? 'tj • •• ' 7< 

2«iY 37 ^}Z. . . . \ 

jSumof theoegadvejiart • ••'..•.; —0404^40518591 
Tk Dianiecer beings the Qrcurafereoce is .. : . . ."^141592653580 

Thitf Work (being to be peifonn'd in an houi^s tiipe) is fofficteac 
to exhibit the circamfercoce from tbe diameter given fo traly, as not 
to err the breadth of a gram of fand in a Globe as large as tbe£arth ; 
«xi tbe ' compendium of this method tempted the incomparable 
lir^Simrp to continue this to double the places of LMdolf^ Van Cm^ 
/rv, after he had done the fame, by a double computation to 74 pig. 
CCS tram di&rent Series^ vi». irom the 5ines and Co-fines of 6, and 
of 12 degrees; which is fufficient to give the number of grkins of 
iaod that may be comprehended within the Sphere of the fix'd Stars^ 
it the diameter was iioooxjiSox 8000x100000x100000 ; for then the 
Domber of grains would confiil but of 6s places : So that here yoa 
have the Jjtmtnjm OnuHy and the Attnatias of jircbimidis both ia 
occ. 

Hence it appears that Ludolf% number is fufficiently true &t all 
fttufc Iqoarery of the Circle to fquare their Work by. 

* The 
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^e Sluadrature of the Circle from Tang. e?/22|J<f/.sr%/2-^i=s A. 

HereA*=i— 2A, A^riA— 2A*air5A— 2, and A'^sA^'-^ 
2A*=:5A'+4A— 2»6A^— A ; therefore A^aB6A'— AV, and 
A' =:6A^— A ^, fc?c \ fo that niiiltiplying iny odd power by 6, and 
fubtra6Ung from that product the odd power next lefs, the remainder 
fliaU be the odd power next greater; then divide every odd 
power by it's Index, and fubtraftthe fum of the negative quotients- 
from the fum of the affirmative, the remainder will be Jr of the Sc- 
miperiphcry, when the radius is !• 



A=5 ^1421 3 $61^73095048801 7 
A*. .111935088197 5641 5*490 

A' 5589374986130696634 

A" . . . 105661334479533064 
A'T. . . .3iio379*734»7542 
A** . • . . . 91561017003375 
A** . . • . . . 269J3046B7117 

A*» 79541^62008 

A'* 13356H075 

A*^ 68754165 

A*» 1013937 

A** 59579 

A*^ .......... • 1754 



nefi towers divided By thiit ImUau 

i)A (4141,1356,13731095014880,17 

5)A^. . 14,386611763,9511,8304,9^ 

9)A*'( . . .3988,t944.*9i4,5^i8,48 

i3V^* t- , • • 81,17794944,5794,66 

I7;A"( / . . . 1,8*96,3486,6711,08 

iOA*'(. . . .'.• . 436,0048,4187,51 

i5)A"r ...... 10^7811,^874,19 

19)A*^( 27S5.9435,\8 

33)A3 3^ ........ 70,7763,9i<^ 

37)A''C 1,8582,2V 

4i^A*'( 495,64 

45)A-^H 13,24 

4S,)A4 % 16 



Sum of the affirmative part + 4166,9193,7604,2478,537 1,< 9 



rtr n^atitfe pcwm tfihe ^atig. «f 2i| d^. 
A»= .0710678118654751440084 
A' . . 10916410530631474854 
A'» . . . 615839386751704950 
A'* . , . 18118618915493434 
A'^ . . . . 535^56715071820 
A*» .... 1570938694843a 

A*^ 461441 174871 

A'» 13611997179 

A^* 400719123 

A'** • 11796567 

A*' 347155 

/i.41 10111 

A*' ! 301 



Tbife powers divided hy ifeir Ittdicos, 
3U5(.oi36,8927,o6ii,8i5o,8i 33,61 

7jA'C- .»,9886,:oc7,58c4,6592,65 
ii)A«'f ... 559,8539,8795,6095,41 
i5)A'*f . . . 11,0857,4595,03^8,96 
I9)A»< . . . . 1808,7195,5300,9^ 

i3;A*H 68,3016,8138,45 

17)A*'( ..... .1,71174509,11 

3i;A5*( 439,1289,51 

35)A5*f il4494/>^ 

39)A^^r 3024,71 

45)A*'C ^»'J 

4:)A-^'( • • ' »>»1 

5i)A*'C .... . . . 6 



Sum of the negative part — .0139,9385,5905,5236,7890,41 
Sum of the affirmative part + .4166.9193,7604,1478,337 »>i9 

The Length of the arch of ii^ degrees .3916,9908,1698,7 141,5480,7^ 

Which multiplied by 8 is the Semiperiphery s 3.i4»5,9265,3589,793i,5846,24 
Kefe, Though thcfe powers are not fo eafily rais'd, as tiiofc of v^ 12, yet they 
convcric much taftcr, fo that not many aWve half the number arc required. 
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ftbe Sluadrature of the Grch from the Tangent pf 
I5dcg. =2— •s^A. 

Hoc A\=54A— I, A»=4A*— A=i5.A— 4, AViiA»— 4 
A'=i5A»— i6A-f4s=i4A*— A, A'^i^A'—A*, and A'l^. 
14A'— A' , ^c ; heoqe it is that mi^iplyios any odd power by 
. . .-J fubtjraaibe from the produa the odd power next 



14, and 



le&^ .the remaiade'r iball be the odd power next gKater; 

divide each power by it's Indqc^ and fubtr^fdl the lum of th 

gative qaodents 'from the Turn of the afErmative^ the remainder 
will be 7 ^ of the ieroiperiphery, when the radius is i . 



then 
the ne- 



Th^t f»WfH divided hy tlfm In. 
dkts. 



<ri5deg. 

A .247J49is»g4JiiM7otf4J»55jtf58 OA(.»«7949iJ>,«4?i,i»i7,o(J47,ajjj,<5,8 
A*. . i38iai^io4645<J5a7jfa7i4<ii5 5)A*( a,7<»4,3tfio,929i,3ojj,i742,9ie 

A' 
A* 



A'» 
A" 

A*» 



688}58 
3549 



13)/ 



'» . . . 3d7oi3j67o67a45ia?85>: i^)ki% *8a3>i 797 ^t^^y,!! 16,2, g 

«^ . . . >89i87i748<i73i9875 I7)A''( iM28(5,57a4»5i3<?i^? 

'-*' • 975an5355«33i 2i)A*'( 4<J4t3893.o262,963 

1': •• • • • ^SmioUH 29)A*/( 89,5558,774 



37JA3^C ...'..., 7 iS'l^io 



Som of the affirmative pare p • . 

I5dcg. 

A^ -0192378864^6840597088304877 
A^ . • 99i66998£9854i6o3d9987$ 
A*' • . . 5iii83676474<^a947«HJ 
A'^ ^. . . adj 50374*011 3702305 
A«^ : . • . . . 1358J028028775943 

A*'. . 70017468850689 

A*» J60924377845 

A'" 186048437* 

A'* . 9590380 

A** 4943^ 

A*5 255 

3um of the negative part • • • . 
I^ength of the Arc of 15 deg 



4047 >78t 
•j: .2682^262;fc,9983»o884,2969,3682,46o 



ntfe fMift Jhided by theh Indka. 

J)A3( 0064,1262,8822,2801,9902,9454,9^^ 

- » A 7r ,4,^^^^ I4,0283,63o8,6242;859 

• •4,<^4l*fH33»MSa,o86i,oi5 

• -i 1751^^911^134,0913487 

.... 7148,9^21,2040,859 

30,44*3,7775,247 



7M'( 

ii)A'»( 

I5)A''( 

I9A'^ 
23)A*^ 
27)A*' 



VXfii,} ^,0015,625 

^H^VS *74,oii 



43)A*' 



274,01 

1,26$ 

. 6 

o64,2684,2i8;,q;89,9U y.y I28,84A 

*<^i7,9938»7799,'494,;65;,8^S^ ,6iA 
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Though 00 Other Method of obtaining the Quadrature of the 
Circle is icarcely to be expeded, equal in facility to that of 
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many others, are to be prefcrr'd for thcir.degrec of G)nvergency ; 
and at leaft they may lerve to confirm one another a3 far as they 
arc carried. Mr. 
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